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INTRODUCTION 
T h i s  r epor t  provides cur ren t  information on the  s e v e r i t y  of 
i n j u r i e s  i n  motor veh ic le  acc iden t s ,  and ana lyses  of methods f o r  
c r ea t i ng  accura te  i n ju ry - seve r i t y  e s t ima te s  i n  the  f u t u r e .  The 
research f i nd ings  a r e  intended t o  answer t h r ee  bas ic  q u e s t i o n s :  
1. WhLt  method of i n ju ry  c l a s s i f i c a t i o n  is  
p r3 fe r r ed  t o  provide a  p r ec i s e  measure of 
i n j u r y  s e v e r i t y  f o r  use i n  q u a n t i t a t i v e  
comparisons of motor-vehicle accident  
i n j u r i e s ?  
2 ,  What methods of da t a  c o l l e c t i o n  a r e  p r e f e r r e d  
f o r  making accura te  na t i ona l  acc iden t  i n j u r y  
e s t ima te s  and r e l a t i n g  degree of i n j u r y  t o  
s ~ z z i f i c  acc iden t  types? 
3 .  What  a r e  the  d e t a i l e d  procedures and c o s t s  
required t o  carry  out  t he  p re f e r r ed  methods 
of da t a  c o l l e c t i o n ,  and what a r e  the  amounts 
of da t a  and e s t ima t ion  accurac ies  t h a t  can be 
provided? 
Resu l t s  were obtained through a  system study of a  l a r g e  num- 
ber  of a l t e r n a t ~ v e  da t a - co l l ec t i on  p lans  w i t h  a  v a r i e t y  of p o t e n t i a l  
i n ju ry - seve r i t y  :aeasures, Based on t h e  f i nd ings ,  recommendations 
a r e  presented a s  gu ide l ine s  f o r  po l icy  dec i s ions  t o  implement 
f u t u r e  acc iden t - in ju ry  e s t ima t ion  programs. 
MEASURES OF I N J U R Y  SEVERITY 
Two measures of i n ju ry  s e v e r i t y  a r e  c u r r e n t l y  used i n  highway 
s a f e t y  ana lyses  cf i n j u r i e s  i ' n  motor-vehicle acc iden t s .  The most 
common is t h e  "szandard po l i ce  sca le" ,  which has been used f o r  
many years  on a  l a rge  number of o f f i c i a l  s t a t e  acc iden t - repor t  
forms. The new Abbreviated In jury  Scale  (AIS) has been used i n  
an increas ing  number of s p e c i a l  s t u d i e s  i n  recen t  yea r s .  
The po l i ce  s c a l e  has f i v e  code l e v e l s  ( K ,  A ,  B,  C ,  0) s igni , -  
fying k i l l e d ,  scvere  v i s i b l e  i n j u r y ,  minor v i s i b l e  i n j u r y ,  complaint 
of pa in ,  and none, r e s p e c t i v e l y .  Other terminology is used f o r  t h e  
t h r e e  i n j u r y  l e v e l s  - A , B , C , -  i n  some s t a t e s .  The National  
Safety  Council is recommending s t anda rd i za t i on  of t h e w  t h r e e  
l e v e l s  under t h e  t i t l e s  " incapac i t a t i ng  i n j u r y " ,  "nonincapacitnt ing 
evident  i n ju ry" ,  and "poss ib le  i n j u r y " .  A t  p r e sen t ,  however, t h e r e  
i s  a  g r ea t  d e a l  of non-uniformity i n  p o l i c i e s  a s  t o  i n ju ry - seve r i t y  
r epo r t i ng  among po l i ce  agenc ies ,  and t h e r e  i s  a  g r ea t  dea l  of 
inaccuracy of r epo r t i ng  due t o  d i f f e r e n t  i n t e r p r e t a t i o n s  of the  
po l i ce  codes, poor acc iden t - i nves t i ga t i on  t r a i n i n g ,  a:.?. o the r  de- 
1 mands a t  accident  scenes .  Hence, the  s tandard  po l i ce  s c a l e  is  
not a  ;good in ju ry - seve r i t y  measure. 
The AIS has been developed w i t h i n  the  l a s t  few years  by t he  
American Medical Associa t ion " to  provide a  more d e f i n i t i v e  c l a s -  
s i f i c a t i o n  system f o r  t raumat ic  i n j u r i e s  p a r t i c u l a r l y  those  caused 
by automobile c o l l i s i o n s .  The AIS has e leven code l e v e l s :  0 f o r  
no i n j u r y ,  1-5 f o r  var ious  i n ju ry  s e v e r i t i e s ,  and 6-1C f o r  var ious  
f a t a l i t y  causes.  The f i v e  i n j u r y  l e v e l s  a r e  descr ibed a s  minor, 
moderate, severe  (not l i f e - t h r e a t e n i n g ) ,  severe  ( l i f e - t h r e a t e n i n g ,  
s u r v i v a l  p robable ) ,  and c r i t i c a l  ( su rv iva l  u n c e r t a i n ) ,  r e s p e c t i v e l y ,  
Each category is def ined  by a  l ist  of t he  s p e c i f i c  i n j u r i e s  which 
correspond, Thus, though the  f i v e  AIS in ju ry  l e v e l s  a r e  c l e a r l y  
def ined,  they m u s t  be appl ied by people w i t h  t r a i n i n g  i n  i n ju ry  
d i agnos i s ,  Tes t s  have shown reasonable accuracy and y e l i a b i l i t y  
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i n  AIS a p p l i c a t i o n ,  even by non-physicians. However, use of AIS 
is not widespread, and i t  probably w i l l  not rep lace  t h e  po l i ce  
s c a l e .  
Another i n ju ry - seve r i t y  measure is used i n  the  na t i ona l  
Health Interview Survey, conducted by the  U.S. Publ ic  Yealth 
Service .  The t h r e e  i n ju ry  ca t ego r i e s  a r e  "medically ?.?tended, 
without a c t i v i t y  r e s t r i c t i o n " ' ;  " a c t i v i t y  r e s t r i c t i n g ,  not bed .................... 
I Acquis i t ion of Information on Exposure and on Yon-Fatal 
Crashes, Volume 11, Highway Safety Research I n s t i t u t e ,  
May 12,  1971. 
Fie ld  Appl icat ion and Research Development of t 'le Abbre- 
v i a t ed  Injury  Sca le ,  J .  S t a t e s ,  H .  Fenner, E ,  P:amboe, 
W .  Nelson, L. Hames, Society of Automotive Engi :~eers  
Report 710873, 1971, 
d i sab l ing" ;  and "bed d i sab l ing" .  In a d d i t i o n ,  the  number of days 
of  r e s t r i c t i o n  ;r .disablement a r e  obta ined.  These d a t a  a r e  co l -  
l e c t e d  i n  p r e c i s e  household samples, and a r e  q u i t e  accu ra t e  and 
r e l i a b l e ,  However, they cannot be r e l a t e d  t o  c h a r a c t e r i s t i c s  of 
t h e i r  corresponding motor-vehicle a c c i d e n t s ,  o the r  than moving 
versus  non-moving. In a d d i t i o n  t o  t h e  r e s t r i c t i o n  and disablement 
c a t e g o r i e s ,  t he  survey d a t a  a r e  sometimes ca tegor ized  by days of 
h o s p i t a l i z a t i o n ,  l o s t  work, o r  1 o s t . s c h o o l  t ime.  
Besides t h e  po l i ce  s c a l e ,  AIS,  and hea l th  survey codes,  i t  is  
o f t e n  suggested t h a t  i n j u r y  s e v e r i t y  may be measured i n  terms of 
3 d o l l a r  c o s t .  Costs may be ass igned t o  i n j u r i e s  not only f o r  
medical expenses b u t  a l s o  f o r  l o s t  wages and p r o j e c t i o n  of i n d i r e c t  
l o s s e s  due t o  reduced p roduc t iv i t y .  
NEEDS FOR INJUR-' SEVERITY DATA 
A t  t he  p resen t  time t h e r e  a r e  no adequate n a t i o n a l  s t a t i s t i c s  
a v a i l a b l e  concerning the  occurrence of i n j u r i e s  i n  motor-vehicle 
a c c i d e n t s ,  e i t h e r  i n  terms of f requenc ies  o r  degrees  of i n j u r y ,  
Current frequency da t a  is b iased  due t o  pronounced under-repor t ing 
of minor i n j u r i e s .  In t he  few s e t s  of usable  acc iden t  d a t a  which 
include t he  po l i ce  s c a l e ,  degree of i n ju ry  i s  not p r e c i s e l y  c l a s -  
s i f i e d .  T h u s ,  znere  is  no ready way t o  provide  meaningful and pre-  
c i s e  e s t ima te s  of i n j u r y  da t a  f o r  use i n  research  o r  informing the  
genera l  pub l i c .  
The t r u e  e f f e c t i v e n e s s  of t r a f f i c  s a f e t y  e f f o r t s  can be pro- 
pe r ly  assessed  only when i n j u r i e s  a r e  descr ibed  s o  a s  t o  permit 
a  q u a n t i t a t i v e  ... dasure of change i n  i n j u r y  occurrence r e s u l t i n g  
from t r a f f i c  s ~ i e t y  e f f o r t s .  Hence, i t  is important  t o  provide 
accu ra t e  statistical informat ion t h a t  r e l a t e s  i n j u r i e s  and in ju ry -  
s e v e r i t y  l e v e l s  t o  adequately c l a s s i f i e d  d e t a i l s  of crash s i t u a t i o n s .  
Some e f f o r t s  have been made i n  t h i s  a r ea  i n  p rev ious  s t u d i e s  b u t  
more needs t o  b e  done. .................... 
3 Socie ta ,  Costs of Motor Vehicle Accidents ,  Pre l iminary 
. * Report,  ,.S. Department of T ranspo r t a t i on ,  Apr i l  1972. 
OBJECTIVES OF THE STUDY 
In order t o  meet the needs s t a t e d  above f o r  injury-severi ty  
da ta ,  e i t h e r  a  shor t  term o r  long-term approach may be used. T h e  
short- term approach would use current ly  ava i l ab le  da ta  from a 
va r i e ty  of sources and adjus t  i t  a s  necessary through ex t rapo la t ions  
and o ther  assumptions. The long-term approach would s t a r t  by 
designing a  new system f o r  c o l l e c t i n g  and processing necessary 
i n j u r y  accident da ta .  
Based on the long-term approach, the  primary objec t ive  of 
t h i s  s t u d y  is t o  determine fu tu re  methods f o r  da ta  c o l l e c t i o n  and 
est imation of na t ional  s t a t i s t i c s  on the  r e l a t ionsh ips  between - 
i n j u r i e s  and motor-vehicle acc idents .  The three  basic  ques t ions  
s t a t e d  a t  the beginning provide f u r t h e r  d e t a i l  of t h i s  ob jec t ive ,  
The r e s u l t s  obtained w i t h  respect  t o  t h i s  ob jec t ive  w i l l  i nd ica te  
methods t h a t  should be ..used i n  the  fu tu re  f o r  improved accuracy 
i n  i n j u r y  counts and degrees of i n j u r y ;  implementation of the  
methods w i l l  s e t  the  s tage  f o r  proper evaluat ion of countermeasures-- 
f o r  both accident prevention and l o s s  reduct ion.  
Based on the short-term approach, a  secondary o?'{?ctive of 
the  s t u d y  is t o  obtain current  data  on motor-vehicle 2-ccident 
s e v e r i t i e s  and i n j u r i e s  a s  a  funct ion of crash c h a r a c t e r i s t i c s .  
Results obtained w i t h  respect  t o  t h i s  ob jec t ive  w i l l  provide data  
t h a t  r e f l e c t s  current  a b i l i t y  t o  est imate accurate  i n j u r y  counts 
and degrees of i n j u r y .  
ORGANIZATION OF THE REPORT 
Following t h i s  Introduction a re  the  three  main sec t ions  of 
the  report  : Methods of Injury C l a s s i f i c a t i o n  
Methods of Accident-Injury Data Collect ion 
Procedures and Scope of Data Collect ion Programs 
The th ree  sec t ions  correspond t o  work-statement t a sks  3 ,  4 ,  and 5 
r e spec t ive ly .  (Task 6 is a l s o  covered impl ic i t ly  by the  t h i r d  of 
these sec t ions  a s  a r e s u l t  of the  f indings) .  
The Appendices include the  r e s u l t s  of Tasks 1 and 2 ,  which 
were previously issued i n  an inter im repor t .  
SUMMARY 
Several a i ~ e r n a t i v e  injury-severi ty  measures were defined 
and evaluated i n  terms of objec t ive  c r i t e r i a .  The Abbreviated 
Injury Scale (AIS) was se lec ted .  
A large number of data  co l l ec t ion  combinations (independent 
seve r i ty  measures, i n j u r y  data  methods, and accident da ta  methods) 
were derived anc evaluated,  u s i n g  p r a c t i c a l  c r i t e r i a  and cost  
es t imates .  Th;::een f i n a l  a l t e r n a t i v e s  were narrowed t o  two recom- 
mendations; each u s i n g  both AIS and Days of Act ivi ty  Res t r i c t ion  
as  injury sever i ty  measures. One plan uses a  na t ional  sample of 
hospi ta l  emergency rooms fo r  i n j u r y  da ta ,  followed by r e t r i e v a l  of 
corresponding accident r epor t s ;  an aux i l i a ry  sample of i n j u r i e s  
from the  Health Interview Survey i s  used t o  properly weight the  
AIS d i s t r i b u t i o . . ~ .  The second plan uses a  sample of accident 
records from a P i - s t a t e s ,  followed by interviews t o  obtain i n j u r y  
da ta ,  
In the emergency room plan ,  i n j u r y  data  would be obtained 
from the e x i s t i n g  National Electronic  Injury Survei l lance System, 
and add i t iona l  s t a f f  procedures would emphasize l i a i s o n  w i t h  l o c a l  
pol ice  ju r i sd ic~ :ons  t o  obtain accident da ta .  In the  other  p lan ,  
samples of a c c ; i ~ : ~ t  r epor t s  would be obtained through the cooperation 
of s t a t e  dr iver-records o f f i c i a l s ,  and add i t iona l  s t a f f  procedures 
w o u l d  emphasize mail ,  telephone or household contact w i t h  injured 
persons i d e n t i f i e d  on the accident r epor t s .  In each case,  a  sample 
s i z e  of 10,000 1s des i rab le ,  and the annual cost  would be between 
$300,000 and $4G0,000. 
METHODS OF INJURY CLASSIFICATION 
T h i s  sec t ion  descr ibes  the s tud ies  performed t o  determine what 
method of i n j u r y  c l a s s i f i c a t i o n  is  preferred t o  provide a  prec ise  
measure of i n j u r y  sever i ty  f o r  use i n  quan t i t a t ive  comparisons of 
motor-vehicle accident i n j u r i e s .  I n i t i a l l y ,  several  a l t e r n a t i v e  
measures were defined and evaluated i n  an idea l ized  c:nDse, i , e . ,  
independent of data co l l ec t ion  methods. Later ,  the r e s u l t s  were 
ve r i f i ed  i n  evaluation of comprehensive data-col lect ion plans which 
included s p e c i f i c  injury-severi ty  measures. 
ALTERNATIVE INJURY SEVERITY MEASURES 
Guidelines f o r  posing a l t e r n a t i v e  injury-severi ty  measures were 
aimed a t  two audiences: the general  public and the hf~.hway safety 
research community. Because the ul t imate i n j u r y  statistics m u s t  be 
used a t  l e a s t  p a r t i a l l y  fo r  public information, i t  i s  des i rable  
t h a t  the injury-severi ty  measure i t s e l f  be meaningful t o  the general  
public.  And fo r  research purposes, an AMA guidel ine was " to  provide 
researchers with an accurate method fo r  r a t ing  and comparing in jur ies  
received i n  automotive crashes and a t  the same time, t o  standardize 
language used t o  describe i n j u r i e s . "  
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The following injury-severi ty  measures were considered as  
a l t e r n a t i v e s  fo r  fu r the r  evaluation: 
1. Standard pol ice sca le  
2 .  Abbreviated i n j u r y  s ca le  
3 .  Days i n  hospi ta l  
4 .  Days of l o s t  work or  school 
5. Days of normal a c t i v i t y  r e s t r i c t i o n  
6 .  Dollar cost  of a l l  medical expenses 
7 .  Dollar cost  of medical treatment only 
8.  Loss function 
Rating the Severity of Tissue Damage: I .  The Abbreviated 
Scale ,  Committee on Medical Aspects of Automotive Safety,  
Journal of the American Medical Association, January 11, 1971. 
As explainG:! i n  the Introduction, only the standard pol ice 
sca le  and Abbreviated Injury Scale (AIS) a re  current ly  used i n  
highway safe ty  analys is .  There are  three  d i s c r e t e  i n j u r y  l eve l s  
or codes i n  the pol ice s c a l e ,  and f i v e  i n  the AIS, In each case 
the code sequence indica tes  increasingly ser ious  i n j u r i e s ,  i , e . ,  
C , B , A  and 1 ,2 ,3 ,4 ,5 .  Because t h e i r  codes a re  e s s e n t i a l l y  ord ina l  
numbers, there  is no mathematical re la t ionship  implied, e . g . ,  code 
4 does not mean ~ w i c e  as  ser ious  a s  code 2 .  Hence, average s e v e r i t i e s  
a re  not a s  meaningful a s  usually desired.  
The three  a l t e r n a t i v e  measures expressed i n  u n i t s  of Days a re  
c:urrently used i n  the nat ional  Health Interview Survey (HIS), b u t  
not l o r  Ilighway safe ty  purposes. For c l a r i t y ,  t h e i r  values a re  
cxpimcsscd as f u l l  days, e . g . ,  two and a  half days i n  the  hospi ta l  
would be coded A:; 3 .  In each case i t  i s  possible  fo r  an injury 
t o  be coded zero ( 0 ) ,  e . g . ,  many i n j u r i e s  would not r e s t r i c t  normal 
a c t i v i t y .  I t  is  a l so  possible  f o r  very ser ious  i n j u r i e s  t o  have 
extremely large values on these s c a l e s .  The three  "Days" sca les  
a re  q u i t e  unique i n  t ha t  many i n j u r i e s  would have widely d i f f e r e n t  
values on the three  s c a l e s .  However, i t  was f e l t  t h a t  any other  
sca les  using Days as  u n i t s  would be redundant. F ina l ly ,  i t  was 
decided tha t  thc three HIS categories  mentioned i n  the Introduction 
(medically a t teaded,  a c t i v i t y  r e s t r i c t i o n ,  bed d isabl ing)  would not 
i n  themselves comprise a  s u f f i c i e n t l y  prec ise  ord ina l  sca le .  Though 
the "Days" sca les  a re  d i s c r e t e  s c a l e s ,  meaningful averages may be 
obtained w i t h i n  groups of cases .  
The l a s t  three  a l t e r n a t i v e  measures deal  w i t h  the cos t s  of 
i n j u r i e s  on a  cc-:tinuous sca le  from zero t o  very la rge  q u a n t i t i e s ,  
The d i s t i n c t i o n  2s made between d o l l a r  cost  of " a l l  medical expenses" -
and "medical treatment only" t o  allow consideration of b iases  due t o  
varying po l i c i e s  i n  ambulance charges and length of hospi ta l  s t a y ,  
while recognizing the d i f f i c u l t y  i n  separa t ing  hosp i t a l  care  from 
d i r e c t  treatment.  While the Loss Function would be based on 
do l l a r  c o s t ,  it could be a  non-dimensional quant i ty ;  i t  is intended 
t o  account for  1:-*direct cos t s  t o  a  person or family,  or soc ie ty  a t  
large (family nursing d u t i e s ,  l o s t  wages, inef f ic iency,  reduced 
3 volunteer  oppor tun i t i e s ,  e t c .  ) . Loss funct ions of varying 
complexities could be derived,  and in  many cases  would r e l y  on 
average c o s t s  of c e r t a i n  components i n  the  funct ion ,  depending 
on s o c i e t a l  r o l e s ,  age, and sex .  The th ree  "cost" s c a l e s  a r e  
e s s e n t i a l l y  continuous s c a l e s ,  and average cos t s  may be obtained 
within groups. Trends i n  these  s c a l e s  could be ob l i t e -a ted  by 
monetary i n f l a t i o n .  
EVALUATION OF ALTERNATIVE MEASURES 
The f i r s t  assessment of a l t e r n a t i v e  injury-severi ty  measures 
was performed by a  process of e l iminat ion ,  wherein each a l t e r n a -  
t i v e  was considered independently based on general  fep'ings 
regarding its advantages and disadvantages.  
1, The Pol ice  Scale is cur ren t ly  i n  widespread use,  and 
is automatical ly  combined w i t h  the necessary corresponding 
accident  data  of pol ice  r e p o r t s .  Thus la rge  amounts of 
r equ i redda ta  would be very read i ly  a v a i l a b l e .  Though 
i ts  exis tence  is unknown t o  the general  publ ic ,  proper 
pub l i c i ty  and naming of its th ree  l eve l s  waul+ resolve 
t h i s  problem, However, the  th ree  l eve l s  a r e  not s u f f i c i e n t  
t o  provide prec is ion  i n  d is t inguish ing  among i n j u r i e s .  
Also, minor i n j u r i e s  a r e  under-reported. Fur the r ,  '1 the 
inaccuracies  and b iases  of the pol ice sca le '  would be 
extremely d i f f i c u l t  t o  resolve . 
The Abbreviated In jury  Scale has been very c a r e f u l l y  
designed t o  provide the  p o t e n t i a l  f o r  very accurate  
and unbiased responses by people t r a ined  i n  its appl i -  
ca t ion .  A s  s t a t e d  above fo r  the  pol ice  code, proper 
pub l i c i ty  of AIS could make it  meaningful t o  the  general  
publ ic .  I t s  f i v e  in jury  l eve l s  make i t  more prec ise  
than the pol ice  s c a l e ,  and s u f f i c i e n t  f o r  ana lys i s  
ca tegor iza t ions ,  Although i t  is not adaptable t o  
c o l l e c t i o n  on mass accident-data r epor t  forms, i t  is 
amenable t o  use i n  sampling plans which would e l iminate  
underreporting biases and in te rp re ta t ion  biases of 
the pol ice s c a l e .  However, the AIS does depend on 
well-t-ained personnel, and i t s  cost  of data co l lec-  
t ion  m i g h t  be s i g n i f i c a n t ,  Also, the accident data 
corresponding t o  AIS codes might have t o  be col lec ted  
from an independent source pr ior  to  combinat ion.  
3 .  Days i n  Hospital as  an injury sca le  is meaningful t o  
the puolic and reasonably prec ise  i n  terms of its 
f a i r l y  wide -- yet e s s e n t i a l l y  f i n i t e  -- sca le  length.  
If ob:,ined from hospi ta l  records,  its responses 
should be qui te  accurate ,  and moderately access ib le  
on a  sampling bas i s .  However, the s c a l e  is qu i t e  
biased i n  t h a t  Days i n  Hospital  w i l l  be zero for  a  
great  majority of i n j u r i e s ,  including some tha t  m i g h t  
be considered severe.  Thus, most responses would 
come :i2om people involved ra the r  than hospi ta l  records;  
and i f  responses from hospi ta l  cases a l s o  come from 
the people, they would be subjec t  t o  e r r o r  because 
of memory and time delays following discharge.  Acci- 
dent data would be co l l ec ted  separa te ly .  
4 .  Days 0 2  Lost Work or School as  an injury sca le  is a l so  
meanin\.l;ful t o  the public and reasonably prec ise .  The 
sca le  is biased because victims of minor i n j u r i e s  of ten 
choose t o  work or a t tend  c las ses  without in te r rup t ion ,  
and because l o s t  time does not apply on weekends or 
holidays.  Also, many people do not have regular  jobs 
or a t tend  school ,  making the s c a l e  inappl icable .  
Estins-:es a re  obtainable only by contact w i t h  the workers 
or s t ~ d e n t s .  Accident data would probably be co l l ec ted  
5 .  Days of Normal Act ivi ty  Res t r i c t ion  as  an injury s c a l e  
would become meaningful t o  the general  public i f  a  
simple d e f i n i t i o n  were included i n  press  r e l e a s e s .  
For example, the Health Interview Survey uses "cut down 
on nc-nal a c t i v i t y v  which includes not only work and 
school,  b u t  a l s o  shopping, play and o ther  recrea t ion ,  
v i s i t s  and errands.  The s c a l e  would be more p rec i se  
than those f o r  days of hosp i t a l ,  work or school because 
i t  would have fewer zero codes and a s l i g h t l y  longer 
range i n  i ts  d i s t r i b u t i o n .  I t  is a l s o  l e s s  biased by 
confounding f a c t o r s  of choice regarding hospi-tal s t a y  
or absence from work or school .  However, i t  is dependent 
on the memory of people involved, and a few cases might 
s t i l l  involve a c t i v i t y  r e s t r i c t i o n  a t  the time of da ta  
c o l l e c t i o n .  Again accident  data  would probably be 
co l l ec ted  separa te ly .  
6 .  Dollar Cost of A l l  Medical Expenses a s  an in jury  s c a l e  
is very meaningful t o  the publ ic .  Some of LJ:s required 
data  may be obtainable  from hosp i t a l s  or insurance 
records.  I t s  wide s c a l e  range provides a p o t e n t i a l  
f o r  prec is ion ,  although confounding va r i ab les  i n  
c e r t a i n  components of medical expenses (ambulance 
d i s t ance ,  wil l ingness  t o  s t a y  i n  a hosp i t a l ,  insurance 
coverage f e e ,  r a t e  d i f ferences)  reduce the  ? r e c i s i o n ,  
e , g .  e spec ia l ly  i f  the s c a l e  is divided i n t o  a r b i t r a r y  
cos t  ca tegor ies .  Because the re  may be severa l  components 
of c o s t ,  i t  may be d i f f i c u l t  t o  c o l l e c t  data  i n  cases 
where c o s t s  a r e  b i l l e d  from severa l  sources .  Cost 
es t imates  by the  in jured  persons would tend to  be i n -  
accura te .  Accident da ta  would be co l l ec ted  separa te ly .  
Dollar Cost of Medical Treatment O n l y  a s  an .njury 
s c a l e  should be f a i r l y  meaningful t o  the  public on a 
r e l a t i v e  b a s i s ,  though some confusion would e x i s t  a s  
t o  the d i s t i n c t i o n  between f f  t reatmentff  and other  asso- 
c i a t e d  expenses (ambulance, hosp i t a l  bed and meals, e t c . ) .  
Idea l ly ,  i t  would be more prec ise  than the  medical 
expensesff s c a l e  because of fewer c o s t  components, though 
unfortunately some d i f f i c u l t i e s  would proba'b:y a r i s e  
i n  separa t ing  components of hospi ta l  b i l l s .  One p o s s i b i l i t y  
here is no lttreatment" expenses in  s p i t e  of other "medical " 
expenses. Cost es t imates  by the  injured persons would tend 
t o  be inaccurate .  Accident data  would be co l l ec ted  separa te ly .  
8 .  A Loss Function a s  a  s c a l e  r e l a t e d  t o  seve r i ty  of 
in,jury would not be a s  meaningful t o  the public a s  
the other cos t  s c a l e s  because i t  would include 
ind i rec t  c o s t s  t h a t  would not have immediate personal 
relevance ( e . g .  projected l o s t  wages over long per iods) .  
Because the sca le  would involve la rger  do l l a r  amounts 
than the  other two c o s t s ,  i t  m i g h t  haveto be converted 
t o  a  non-dimensional s c a l e ,  allowing fu r the r  l o s s  
i n  mearLing. Biases due t o  d i f f e r e n t  wage losses  f o r  
the saze type of in jury  would reduce the  precis ion 
of the s c a l e .  However, meaning and precis ion i n  terms 
of economic consequences t o  soc ie ty  would be qu i t e  
good. In terms of data c o l l e c t i o n ,  a  Loss Function 
would require  data from severa l  sources ,  including 
inaccuracies of personal es t imates .  Accident data 
would be co l l ec ted  separa te ly .  An example of a  l o s s  
f u n c t i ~ n  is given i n  Appendix A .  
In the t e n t a t i v e  el iminat ion of a l t e r n a t i v e s ,  the f i r s t  
two t o  be dropped were the  Pol ice Scale and the Loss Function. 
The Pol ice Scale was dropped because of i t s  gross inaccuracies 
and lack of prec is ion .  The Loss Function was dropped because 
of the  difficu1t:ss foreseen i n  obtaining necessary data  from 
severa l  sources ,  dnd lack of meaning and prec is ion  t o  the publ ic .  
Among the three  lfDayslf s c a l e s ,  Days i n  Hospital  and 
Days of Lost Work or School were t e n t a t i v e l y  dropped because 
they a re  l e s s  prec ise  and more biased t h a t  the Days of Normal 
Act ivi ty  Res t r ic r ion  s c a l e .  
O f  the two "Cost" s c a l e s ,  Cost of A l l  Medical Expenses was 
dropped t e n t a t i v - l y  because i t  would be l e s s  prec ise  and have more 
components than Cost of Medical Treatment O n l y .  
A t  t h i s  point the three  leading a l t e r n a t i v e s  a s  i n j u r y -  
sever i ty  measures were AIS, Days of Normal Act ivi ty  Res t r ic t ion ,  
a n d  D o l l a r  Cost of Medical Treatment O n l y .  However, i t  was c l e a r  
t h a t  these resulxs  should be considered a s  s t r i c t l y  t e n t a t i v e  
because the assessments had been only sub jec t ive ,  and independent 
of s p e c i f i c  datz-col lect  ion plans.  
I t  was decided t h a t  before fu r the r  evaluations of the 
a l t e r n a t i v e  injury-severi ty  measures were performed, some progress 
should be made i n  def ining and narrowing the a l t e r n a t i v e  data- 
c o l l e c t  ion plans (see the following sec t ion) .  After considerable 
e f f o r t ,  the number of a l t e r n a t i v e  data  co l l ec t ion  plans was 
reduced t o  t h i r t e e n ,  among which were included j u s t  t 5 e  three  
injury-severi ty  measures of the preceding paragraph: ",IS, Days 
of Normal Act ivi ty  Res t r i c t ion ,  and Dollar Cost of Medical Treat-  
ment O n l y .  Among the t h i r t e e n  plans,  AIS was used i n  f i v e  plans,  
Dollar Cost of Medical Treatment was used i n  f i v e  plans,  and Days 
of Act ivi ty  Res t r ic t ion  was used i n  three  of the plans.  
In the course of the evaluations of a l t e r n a t i v e  data- 
co l l ec t ion  plans,  i t  was determined tha t  t h e  most appropriate  
approach toward a  recommendation of e i t h e r  an injury-severity 
measure or a  combination of data-col lect ion methods ( i n j u r y  data  
plus accident d a t a ) ,  was t o  s e l e c t  the  optimum overa l l  plan 
(including a  s ing le  measure, s ing le  injury data method, and 
s i n g l e  accident data method, a l l  comprehensively in tegra ted) .  
T h u s ,  the recommended injury-sever i t y  measure would be the one 
included i n  an optimum overa l l  plan.  
Meanwhile, i t  was decided t o  conduct a  quan t i t a t ive  ranking 
among the  three  leading measures above, independent of the data- 
co l l ec t ion  methods. The purpose of t h i s  evaluation was t o  provide 
guidelines for  fu tu re  programs for  estimating accident-injury 
s t a t i s t i c s  i n  case a  data-col lect ion plan recommended i n  the 
following sec t ion  must be supplemented orreplaced. Szch of the  
s i x  s t a f f  members working on the study ranked the thren contenders 
l s t ,  2nd, and 3rd according t o  general impressions wit5 respect  
t o  t h e  following c r i t e r i a :  
Precis ion - A b i l i t y  of the measure t o  permit c l e a r l y  d i s t i n -  
guished groupings or ca tegor iza t ions  and meaningful 
s t a t i s t i c a l  in t e rp re ta t ions .  
Meaning - Ease of in te rp re ta t ion  of the measure and probable 
impact upon the general public.  
Validi ty  - how closely the measure is r e l a t e d  t o  ac tua l  
sever i ty  of i n j u r i e s .  
Object ivi ty  - Extent t o  which the measure employs objec- 
t ive observations ra ther  than subject ive 
judgments. 
Staff  evalue-cors ranked t h e i r  preference 1, next 2 ,  and 
worst 3 .  The following a r e  the r e s u l t s  of the rankings: 
Days of Acti- Cost of Medi- 
Evaluator AIS c i t y  Res t r ic t ion  c a l  Treatment 
Total  9 17 10 
The concensaa i n  t h i s  t e n t a t i v e ,  independent evaluation 
was AIS f i r s t ,  Cost of Medical Treatment a c lose second, and 
Days of Normal Act ivi ty  Res t r ic t ion  t h i r d .  I t  must be repeated 
t h a t  these r e s u l t s  a r e  independent of the p r a c t i c a l i t i e s  of 
data-col lect ion methods, and they were not considered a s  c r i t e r i a  
i n  the f i n a l  se l ec t ion  of recommended data-col lect ion plans.  
As reportec i n  the next sec t ion ,  two-data co l l ec t ion  plans 
were se lec ted  as  f i n a l  recommendations. Both plans were designed 
t o  permit co l l ec t  ion of data  fo r  two injury-severity measures--AIS 
and Days of Normal Activity Res t r ic t ion  i n  each plan. In one of 
the plans,  AIS is  the only required measure whereas Days of Normal 
Activity Restr icr ion is only possible i n  a  secondary sample of 
very l imited sarq le  s i z e .  On t h i s  bas is ,  and the concensus f o r  
AIS i n  the independent evaluation above, AIS is recommended a s  
the primary injury-severity measure f o r  fu ture  programs of accident- 
i n j u r y  s t a t i s t i c s  estimation. 
METHODS OF ACCIDENT-INJURY DATA COLLECTION 
T h i s  s ec t ion  descr ibes  the s t u d i e s  performed t o  determine 
what methods of da ta  c o l l e c t i o n  a r e  prefer red  fo r  F-aking accurate  
na t ional  accident - injury est imates  and r e l a t i n g  degree of i n j u r y  
t o  s p e c i f i c  accident  types.  I n i t i a l l y ,  seve ra l  a l t e r n a t i v e  
injury-data c o l l e c t i o n  methods and accident-data c o l l e c t i o n  
methods were defined independently, followed by the determination 
of a l l  f e a s i b l e  combinations of injury-data and accident data  
methods. Subsequently, i t  was determined which of the a l t e r n a t i v e  
in jury-sever i ty  measures were f e a s i b l e  i n  the context of each 
da ta-col lec t ion  combination. Al terna t ive  data-col lect ion plans 
were narrowed down i n  number by p r a c t i c a l  cons idera t ions ,  and 
f i n a l l y  evaluated by an ob jec t ive  r a t i n g  system. 
COMHINATIONS OF DATA COLLECTION METHODS 
A wide range of previously used techniques fo r  da ta  co l l ec t ion  
were considered i n  s e l e c t i n g  the a l t e r n a t i v e  methods f o r  obtaining 
informat ion,  independently, on both injury-sever i t y  measures 
and motor-vehicle accident  c h a r a c t e r i s t i c s .  In  addi t ion  t o  past  
experience,  guidel ines  included reasonable c o s t ,  p o t e n t i a l  accu- 
racy,  and a p p l i c a b i l i t y  t o  required va r i ab les ,  i . e ,  t o  a t  l e a s t  
one a l t e r n a t i v e  s e v e r i t y  measure or t o  a  typ ica l  s e t  of accident 
va r i ab les .  
The following injury-data c o l l e c t  ion methods were se lec ted :  
1. Emergency Room Sample, using National Electronic  Injury 
Survei l lance System 
2 .  Household Survey, u s i n g  National Health I ~ t e r v i e w  Survey 
3 .  Accident Repor t Sample 
4 .  Accident Reports Corresponding t o  Injured Persons 
5. Interviews w i t h  Injured Persons 
0 .  I l o ~ p i  l .a  1 Rc?r:ords Sample 
7 .  C l i n i c :  or  Phys ic ian  Records Sample 
8 .  Hosp i t a l  Records of I n j u r e d  Persons  
9 .  C l i n i c  or  Phys ic ian  Records of I n ju r ed  Persons 
And t he  fo l lowing acc iden t -da ta  c o l l e c t i o n  methods were 
se l e c  ted:  
1. Household Survey,  u s ing  Nat ional  Health In te rv iew Survey 
2 .  Accident Report Sample 
3 .  A c c i d ~ . t  Reports  Corresponding t o  I n ju r ed  Persons 
4 .  1nterv;ews w i t h  I n ju r ed  Persons 
The Emergency Room Sample method would o b t a i n  i n ju ry -  
s e v e r i t y  d a t a  from t h e  119 h o s p i t a l  emergency rooms i n  t h e  
Nat ional  E l e c t r o n i c  I n ju ry  Su rve i l l ance  System (NEISS) sample.  
The system is i n  e x i s t e n c e ,  under c o n t r o l  of t h e  Food and Drug 
Admin i s t ra t ion ,  and i t  could  be augmented by t h e  i nc lu s ion  of 
a  new i n j u r y  mzasure. One disadvantage  is a  low propor t ion  of 
minor i n j u r i e s .  Only those  emergency room t r ea tmen t s  r e l a t i n g  
t o  motor-vehicle accidentswould be used.  
The Household Survey method could  be used f o r  e i t h e r  i n j u r y  
d a t a  o r  a c c i d e n t  d a t a ,  o r  bo th .  Because of t h e  low percentage  
of household me.xbers who have had r e c e n t  i n j u r i e s  i n  motor- 
v e h i c l e  a cc ide  . s ,  and t h e  s h o r t  t ime r equ i r ed  i n  each i n t e rv i ew ,  
t h e  c o s t  e f f  i c ~ ~ a c y  of t h i s  method is poor u n l e s s  i t  is combined 
w i t h  o the r  su rveys .  The on ly  a p p r o p r i a t e  e x i s t i n g  survey f o r  
t h i s  purpose is t he  Heal th  In te rv iew Survey (HIS) which reaches  
42,000 households annua l l y .  The HIS a l r e a d y  inc ludes  some i n ju ry -  
s e v e r i t y  d a t a ,  znd i t  is probably amenable t o  t h e  a d d i t i o n  of 
o t h e r s .  The acL i t i on  of a c c i d e n t - r e l a t e d  ques t i ons  would be more 
d i f f i c u l t ,  but +.robably p o s s i b l e ,  
The two me-;nods us ing  o f f i c i a l  p o l i c e  a cc iden t  r e p o r t s  
(Accident Reporz Sample and Accident Reports  Corresponding t o  
I n ju r ed  Persons)  cou ld  a l s o  be used f o r  e i t h e r  i n j u r y  d a t a  o r  
accident  da ta .  The Accident Report Sample method would requi re  
the establishment of a  na t ional  sampling plan t o  pro-~ide  s t a t i s -  
t i c a l  representa t ion  of a l l  regions,  perhaps on a  s?e:e-by-state 
bas i s .  In the Accident Reports Corresponding t o  I n j ~ s e d  Persons 
method, the  sample would not be defined from the  population of 
ava i l ab le  r e p o r t s ,  but r a t h e r ,  by the i d e n t i f i c a t i o n  of injured 
persons i n  one of the other  da ta-col lec t ion  methods. Both 
methods a r e  sub jec t  t o  b iases  due t o  varying degrees QI under- 
repor t ing  among a r e a s ,  e spec ia l ly  w i t h  respect  t o  rnin.or i n j u r i e s .  
The Interviews w i t h  Injured Persons method is the  four th  
one which could be used fo r  e i t h e r  in jury  or accident  da ta .  I t  
does not def ine  a  sample, depending ins tead  on the i d e n t i f i c a t i o n  
of injured persons i n  another data-col lect ion method. Disadvan- 
tages include the d i f f i c u l t y  i n  contact ing sub jec t s  2nd inaccuracy 
of t h e i r  es t imates .  
The two met hods using hospi ta l  records fo r  inju-zT-sever i t y  
data  (Hospital  Records Sample and Hospital  Records of Injured 
persons) would r e s u l t  i n  data  biased agains t  minor i n j u r i e s ,  
which a r e  not l i k e l y  t o  be t r e a t e d  in  hosp i t a l s .  For the Hospital  
Records Sample, the sampling plan would be the  means of randomly 
ident i fy ing  persons admitted w i t h i n  a  na t iona l ly  representa t ive  
group of h o s p i t a l s .  Hospital  Records of Injured Persons would 
be obtained fo r  persons i d e n t i f i e d  i n  an accident-data method. 
The two methods using c l i n i c  orphysician records a r e  analogous 
t o  the two hosp i t a l  records methods, except they a r e  more l i k e l y  
t o  be biased agains t  se r ious  inLjur i e s .  
A s  var ious combinat ions of in,jury-data and accident-data 
methods were o r i g i n a l l y  considered, i t  was apparent ' ?,at many 
of them would not work. For example, i t  is impossible t o  use 
the Emergency Room Sample for in jury  data combined w l ? h  the 
Household Survey fo r  accident  da ta ,  because they each define 
independent samples, and could not provide a  s e t  of cases w i t h  
accident  data  corresponding t o  in jury  s e v e r i t y  values.  Another 
impossible combination is Interviews w i t h  Injured Persons for  
111 J \ I I . Y  da La a1.c Accident Reports Corresponding t o  Inju1,ed 
Persons,  becabha they each depend on another method fo r  de f in ing  
t h e i r  sample. The 15 workable combinat ions a r e  ind ica ted  
in the  two-way c h a r t s  of Table 1, and l i s t e d  i n  Table 2 .  
I n  add i t i on  t o  t he  15 bas ic  combinations of in jury-data  
and accident-c&ta  c o l l e c t i o n  methods, i t  was considered necessary 
to  e s t a b l i s h  ~ ; , ; e r n a t i v e  double combinations of da t a - co l l ec t i on  
methods. The p i m a r y  reason was t o  provide means f o r  augmenting 
c e r t a i n  of the bas ic  samples which a lone would tend t o  be biased 
towards a c e r t a i n  s e v e r i t y  of i n ju ry  or  acc iden t ,  e .  g .  emergency 
room data  would have an underrepresenta t  ion of minor i n j u r i e s .  
I n  f a c t ,  a l l  baz four  of the  15 bas ic  combinations have an 
inherent  unde~zep re sen t a t i on  of minor i n j u r i e s  and acc iden t s ,  
t o  var ious  deg:?es, due t o  a  tendency t o  fo rge t  minor acc iden t s  
i n  the Househoid Survey,underreport ing of minor acc iden t s  i n  t h e  
Accident Report Sample, and se l f -exc lus ion  of persons w i t h  minor 
i n j u r i e s  from the  Emergency Room Sample and Hospi ta l  Records 
Sample. Howevar, t he  four combinations r equ i r i ng  C l i n i c  o r  
Physician Reccrds have an under represen ta t ion  of severe  i n j u r i e s .  
A l l  of t he  d o ~ ; l e  combinations of t h e  15 bas ic  plans were con- 
s idered  i n  t e r x  of augmenting t h e i r  samples t o  reduce b i a se s ,  
and 50 double combinations were s e l e c t e d  f o r  f u r t h e r  review 
a s  ind ica ted  i n  Table 3 ,  These plus  t h e  15 bas ic  combinations 
a r e  l i s t e d  i n  Table 4 .  
Several  t z i p l e  combinations were considered,  e s p e c i a l l y  
those  invo lv i r .  emergency room d a t a ,  h o s p i t a l  records ,  and 
c l i n i c  or  phya-aian records .  None were s e l e c t e d  because of t he  
higher c o s t ,   LA:^ t he  f a c t  t h a t t h e  National  E lec t ron ic  I n j u r y  
Surve i l l ance  System (NEISS) t o  be used i n  the  Emergency Room 
Sample is expected t o  be expanded i n  t he  f u t u r e  t o  include 
h o s p i t a l ,  c l i c x ,  and physicim's o f f i c e  samples. 
Table 1. ANALYSIS OF DATA-COLLECTION COMBINATIONS 
a) Both Methods Define Samples 
b) Injury Data Methods Define Sample 
Injury-Data Methods 
Which Define Samples 
Emergency Room Sample 
Household Survey 
Accident Report Sample 
Hospital  Records Sample 
Cl in ic  and Physician 
Records Sample 
c) Accident Data Methods Define Sample 
Accident Data Methods Whic3. Define Samples 
Injury-Data Methods 
Which Define Samples 
Emergency Room Sample 
Household Survey 
Accident Report Sample 
Hospital  Records Sample 




Accident Report Sample 
x 
Accident Data Methods Which DO ~ o t  
Define Samples 
Injury-Data Methods 
Which Do Not Define 
Samples 
Accident Reports 
Corresponding t o  
Injured Persons 
Interview w i t h  
Injured Persons 
Ilosp i t a l  n ~ c n r d c  of 
f tl ]il l  dU tqc;l brlllb 
C l i n i c  and Physician 
Records of Injured 
Per sons 
Accident Reports 






Interview w i t h  










Accident Report Sample 
Table 2 .  




Collect ion Method 
1 .  Household Survey Household Survey HS/HS 
2 .  Accident Report Sample Accident Report Sample ARS/ARS 
3 .  Emergency Room Sample Accident Reports Corresponding ERS/ARCIP 
t o  Injured Persons 
4 .  Emergency Room Sample Interviews w i t h  Injured Persons ERS/IIP 
5 .  Household Surv3y Accident Reports Corresponding YS/ARCIP 
t o  Injured Persons 
6 .  Hospital Records Sample Accident Reports Corresponding 
t o  Injured Persons HRS/ARCIP 
7 .  Hospital  Recorcz Sample Interviews w i t h  Injured Persons HRS/IIP 
8 .  Cl in ic  or Physician Accident Reports Corresponding 
Records Sample t o  Injured Persons CPRS/ARCIP 
9 .  Cl in ic  or Physician Interview w i t h  Injured Person CPRS/IIP 
Records Sample 
0 .  Accident Reporti Corres- Household Survey 
ponding t o  1r:;~red Rrsons 
1. Interviews w i t h  Injured Accident Report Sample 
Persons 
2 .  Hospital Records of Household Survey 
In j  ur ed Per sons 
3 .  Hospital Recor~;  of Accident Report Sample 
Injured Persons 
4 .  Cl in ic  or Physician Household Survey 
Records of Injured Persons 
15. Cl in ic  or Phys::ian Accident Report Sample 
Records d 1n;ured Persons 
19 
ARC IP/HS 
Table 3 .  
DOUBLE COMBINAT IONS OF DATA-COLLECT ION METPODS 
Plan  Number - 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
IIP/ARS 11 l d d  d d - - - - - 
HRIP/ARS 13 l d d  d 1 - - - - 
CPRIP/HS 14 1 d d d 1 1 - - 
CPRIP/ARF 15  l d d  d 1 1 - 
1 One sample f o r  both methods i n  combination.  
2 Two independent samples i n  combination 




Alternative Data-Collection Combinations 
Similar 
Combinations 
HRS/ARCIP & IIP 
CPRS/ARCIP & IIP 
HS & ARCIP/HS 
HS & HRIP/HS 
HS & CPRIP/HS 
ARS & IIP/ARS 
ARS & HRIP/ARS 
ARS & CPRIP/ARS 
ARCIP/HRIP/HS 
ARCIP & CPRIP/HS 
IIP & HRIP/ARS 
IIP & CPRIP/ARS 
HRIP & CPRIP/HS 
HRIP & CPRIP/ARS 
ERS & HS/ARCIP 
ERS & HRS/ARCIP 
ERS & CPRS/ARCIP 
ERS & HRS/IIP 
ERS '& CPRS/I IP 
HS & HRS/ARCIP 
HS & CPRS/ARCIP 
HRS & CPRS/ARCIP 
HRS & CPRS/IIP 
Dissimilar 
Combinat ions 
ALTERNATIVE DATA COLLECTION PLANS 
The a l t e r n a t i v e  data-col lect ion plans were derived by consider- 
ing the app l i cab i l i ty  of each injury-severi ty  measure t o  each of the 
65 data-col lect ion combinations of Table 4 .  Five of the a l t e rna t ive  
injury-severi ty  measures were retained f o r  consideration as  follows: 
1. AIS 
2 .  Days i n  Hospital 
3 .  Days of Normal Act ivi ty  Restr ic t ion 
4 .  Dollar Cost of A l l  Medical Expenses 
5 .  Dollar Cost of Medical Treatment O n l y  
The Police Scale was eliminated because of i t s  gross inaccuracy. Days 
of Lost Work or School was eliminated because i t  doe? qot apply t o  a  
large par t  of the i n j u r y  population. The Loss Functi.n was eliminated 
because of the d i f f i c u l t y  i n  obtaining i t s  components from several  
sources. In Table 5 ,  the app l i cab i l i ty  of the remaining f ive  measures 
i s  shown w i t h  respect t o  each of the injury-data co l lec t ion  methods, 
w i t h  an indica t ion  of the source of data  (interviewer,  subjec t ,  
physician or record) .  
Based on the app l i cab i l i ty  of injury-severity mer.?ures t o  data- 
co l lec t ion  combinations, there  a re  131 a l t e rna t ive  plzns.  Table 6 
shows the 54 data-col lect ion combinations t o  which both the AIS and 
Cost of Medical Treatment Only  a re  appl icable .  Table 7 shows the 
15 corrtbinations t o  which Days i n  Hospital is  appl icable .  Table 8 
shows the 4 combinations t o  which both D a y s  of Normal Activity 
Res t r ic t ion  and Cost of A l l  Medical Expenses a re  app1-:-able. 
EVALUATION OF ALTERNATIVE PLANS 
Evaluation of 131 a l t e r n a t i v e  data-col lect ion plans (Tables 6 ,  
7 ,  8 )  was performed i n  two s tages .  In the f irst  s tage ,  a l t e rna t ives  
were eliminated from consideration i n  a  s e r i e s  of subject ive and 
q u a l i t a t i v e  comparisons. In the second s tage ,  the 13 f i n a l  a l t e r -  
nat ives  were evaluated by means of numerical r a t ings .  
T a b l e  5 
FEASIBLE DATA SOURCES FOR INJURY SEVERITY MEASURES 
I n j u r y  S e v e r i t y  Measures  
I n j u r y  Data  
C o l l e c t  i o n  
Methods AIS 
HS i n t e r v i e w e r  
ARS - 
ERS p;., ; i c i a n  
H RS p h y s i c i a n  
CPRS p h y s i c i a n  
ARCIP - 
I I P  i c ~ e r v i e w e r  
HRIP pr,:. . ; i c i a n  
CPRIP physician 
A l l  Med . 
Days Days Med . T r e a t .  
Hosp.  R e s t r i c t .  Exp.  Only 
S u b j e c t  S u b j e c t  S u b j e c t  Subi jec t  
- - - r e c o r d  
r e c o r d  - - r e c o r d  
- - - r e c o r d  
S u b j e c t  S u b j e c t  S u b j e c t  S u b j e c t  
r e c o r d  - - r e c o r d  
- - - r e c o r d  
Table 6 
COMBINATIONS USING AIS OR COST OF MEDICAL TREATMENT ONLY 
HS/HS & ARCIP 
ERS/ARCIP & IIP 
HRS/ARCIP & IIP 
CPRS/ARCIP & IIP 
HS&HRIP/HS 
HS&CPRIP/HS 
IIP & HRIP/ARS 
IIP & CPRIP/ARS 
HRIP & CPRIP/HS 
HRIP & CPRIP/ARS 
ERS & HS/ARCIP 
ERS & HRS/ARCIP 
ERS & CPRS/ARCIP 
ERS & HRS/IIP 
ERS & CPRS/IIP 
HS & HRS/ARCIP 
HS & CPRS/ARCIP 
HRS & CPRS/ARCIP 
HRS & CPRS/IIP 
Table 7 
cG.1~~5 INAT IONS USING DAYS IN HOSPITAL 
HS/HS & ARCIP HRS/ARCIP//HS/HS 
HRS/ARCIP & IIP HRS/ I IP//HS/HS 
HS & HRIP/HS I IP/ARS//HRS/ARCIP 
IIP & HRIP/ARS 
HS & HRS/ARCIP 
Table 8 
COMBINATIONS USING DAYS OF NORMAL ACTIVITY RESTRICTION 
3R COST OF ALL MEDICAL EXPENSES 
1.. The f i r s t  plans e l iminated  were a l l  those irrq.uding 
hosp i t a l  records.  I t  was determined tha t  a l l  wewe e i t h e r  
unreasonably biased toward very severe i n j u r i e s ,  or  f a i l e d  
t o  cont r ibute  s i g n i f i c a n t l y  t o  removal of b ias  i n  a  double 
sample combinat ion .  
2. A l l  plans involving c l i n i c  or physicians reccrds a s  
the so le  source of i n j u r y  data  were eliminated. "hese 
plans were a l l  heavily biased toward minor i n j u r i e s .  
3 .  The plans involving c l i n i c  or  physicians records of 
injured persons, along w i t h  household survey da ta  or  i n t e r -  
views w i t h  in jured  persons, were eliminated. In these 
cases ,  the c l i n i c  or  physicians data  would not d i r i n i s h  
the bias  i n  i n j u r y  data  toward more severe injurf-es.  
4 .  The plans using Days i n  Hospital  and Cost of A l l  
Medical Expenses were eliminated due t o  lack of precis ion 
and overly la rge  number of data  sources,  respect ive ly .  
5 .  The double plans w i t h  d i s s imi la r  combinatior? involving 
Emergency Room Sample were eliminated because none of 
these p l a n s  would provide an improvement i n  sample bias  
w i t h  respect  t o  the ERS plans w i t h  s imi la r  double combin- 
a t  ions.  
6 .  The remaining plans w i t h  C l in ic  or  Physiciar ':ecord 
Sample were eliminated because none of them c l e a ~ l y  remove 
a b ias  against  minor and moderate i n j u r i e s  i n  t h e i r  samples. 
7 .  The plans u s i n g  Interview w i t h  Injured Person f o r  
accident da ta  were eliminated because of l e s s e r  accuracy 
and higher cost  than s imi la r  plans u s i n g  Accidezt Reports 
Corresponding t o  Injured Persons,. 
H .  ' I ' I I L !  P i . t i i s  1 1 3 1 1 1 ~  both ~ ~ u s e l ~ o l c i  S U I ~ V O Y  a11d Accident 
Reports Corresponding t o  In jured  Persons f o r  accident  da t a  
were e l imina ted  because of t h e  i ncons i s t en t  r e l i a b i l i t i e s  
of t h e  twc sources  and f a i l u r e  of t h e i r  combination t o  
improve upGn e i t h e r  a lone .  
A t  t he  conclusl;:. of t h e  above s t e p s ,  t h e r e  were 13 a l t e r n a t i v e  
d a t a - c o l l e ~ t i o ~  ~ l a n s  remaining i n  con ten t ion ,  a s  l i s t e d  i n  Table 
9 .  The c r i t e r i a  used i n  eva lua t ing  t h e  13 a l t e r n a t i v e s  a r e  l i s t e d  
i n  Table 10. 
A team of s i x  r e sea rche r s  f a m i l i a r  wi th  t he  13 a l t e r n a t i v e  
d a t a - c o l l e c t i o c  ? l ans  performed the  eva lua t ions .  E a c h  'team member 
der ived her o r  A-s i nd iv idua l  r a t i n g  of each a l t e r n a t i v e  on t he  b a s i s  
o i  each of t h e  27  c r i t e r i a .  The r a t i n g s  were on t he  s c a l e  1 , 2 , 3 , 4 , 5  
w i t h  1 worst and 5 b e s t .  Weighting f a c t o r s  were app l ied  t o  each 
r a t i n g ,  and averages were der ived .  Resul ts  a r e  shown i n  Table 11. 
The four highesc r a t e d  p lans  were s e l e c t e d  f o r  f i n a l  eva lua t ion .  
In  a d d i t i o n  t o  t h e  numerical r a t i n g s ,  cos t  e s t ima te s  were a l s o  
der ived f o r  the  2 i n a l  eva lua t ions  of the  four  h ighest  r a t e d  p l ans .  
The e s t ima te s  z - ,  p l o t t e d  i n  Figure 1 f o r  var ious  sample s i z e s .  
Cost-est imate conponents a r e  given i n  Appendix B.  The lowest cos t  
p lan i s  ATS:ERS/ARCIP/ For smal l  sample s i z e s ,  the  highest  cos t  p lan 
is  A1S:ERS & HS/ARCIP; f o r  samples s i z e s  over 6,000 the  AIS:IIP/ARS 
plan has t he  hignest  c o s t .  Over the  whole range,  Days: IIP/ARS is  
j u s t  s l i g h t l y  c tcaper  than AIS:IIP/ARS. 
A s e r i e s  G.  rneetings were held  by the  research  team t o  reach 
consensus on t h ~  $ail o r  p lans  t o  be recommended among the  four  f i n a l  
a l t e r n a t i v e s .  The f i r s t  d i scuss ion  was t o  e l imina t e  AIS:ERS/'ARCIP 
( i n  s p i t e  of i t s  lowest c o s t )  because of i t s  under represen ta t ion  of 
minor i n j u r i e s  ~ 2 d  acc iden t s  i n  comparison t o  the  o the r  t h r e e  p l ans .  
The next conside-at ion was a pos s ib l e  e l imina t ion  of e i t h e r  AIS:IIP/ARS 
o r  Days: IIP/AR5 based on t h e i r  only d i f f e r e n c e ,  i . e . ,  t h e i r  r e spec t -  
i ve  injury-sev6:--:y measures. I n  t h i s  r ega rd ,  i t  was decided i n -  
s t e a d  t o  combine the  p l a n s ,  i . e . ,  AIS & ~ays:11P/ARS, such t h a t  110th 
AIS and Days of Ac t iv i t y  R e s t r i c t i o n  would. be obta ined a s  i n j u r y  
Table 9 
Al terna t ive  Plans f o r  Second Stage of Evaluat i-.l 
I n j u r y  
Measure 
Injury Data Accident Data 
Collect  ion Procedure Collect  ion Procedure 
AIS Emergency Room Sample Accident Reports 
Corresponding t o  I n j u r i e s  
AIS Household Survey Accident Reports 
Correspc- l n g  t o  I n j u r i e s  
Household Survey Household. Survey AIS 
Days of Act ivi ty  
Res t r i c t ion  
Household Survey Accident Reports 
Corresponding t o  I n j u r i e s  
Household Survey Household Survey Days of Act iv i ty  
Res t r i c t ion  
Cost of Medical 
Treatment 
Emergency Room Sample Accident ?,eports 
Correspo?!.ing t o  I n j u r i e s  
Cost of Medical 
Treatment 
Household Survey Accident Reports 
Corresponding t o  I n j u r i e s  
Cost of Medical 
Treatment 
Household Survey Household Survey 
AIS Interview Injured Person Acc idenVepor t  Sample 
Days of Act ivi ty  Interview Injured Person Accident Report Sample 
Cost of Medical Interview Injured Person Accident Report Sample 
Household Survey and Accident Reports 
Emergency Room Sample Corresponding t o  I n j u r i e s  
AIS 
Household Survey and Accident Peports 
Emergency Room Sample Correspc - ~ i n g  t o  I n j u r i e s  
Cost of Medical 
Table 10 
EVALUATION CRITERIA 
Star tup  time f o r  in jury  data  method 
Star tup  time f o r  accident data  method 
Compatibil--y w i t h  e x i s t i n g  i n j u r y  da ta  systems 
Compatibi1,xj w i t h  e x i s t i n g  accident da ta  systems 
Lack of bias  i n  sample 
Randomness of sample 
Improvement p o t e n t i a l  of sample 
Injury Data response r a t e  
Accident d; ..A response r a t e  
R e l i a b i l i t y  "f i n j u r y  da ta  
R e l i a b i l i t y  of accident data  
Speed of data  co l l ec t ion  
Eff iciency of in te rac t ion  of i n j u r y  & accident co l l ec t ion  
Continued viability of the plan 
Continued exis tence and a c c e s s i b i l i t y  of da ta  sources 
Precis ion G< i n j u r y  data  
Prec is ion  of accident data  
Accuracy of i n j u r y  data  
Accuracy of accident data  
S t a b i l i t y  o i  i n j u r y  va r i ab les  
S t a b i l i t y  of accident va r i ab les  
C la r i ty  of 2 j u r y  measure 
Representa,.;,Jeness of i n j u r y  measure 
S e n s i t i v i t y  of plan t o  t rends  
Meaningfulness of i n j u r y  measure t o  publ ic  
Meaningfulness of u n i t s  on i n j u r y  s c a l e  
Propor t ionai i ty  of i n j u r y  measure t o  ac tua l  seve r i ty  
Table  10a 
Weighting Factors  f o r  Evaluation C r i t e r i a  
Cr i t e r ion  
Grouping Stages 
1 2 3 4 Tota l  












D a y s  Interview Acc. Report 
Sample 
AIS Interview Acc. Report 
Sample 






Cost Interview Acc. Report 
Sample 
Household Acc. Report 
Corresponding 
Days 
Household Acc. Report 
Corresponding 
AIS 
Cost Emerg. Room Acc. Report 
Corresponding 











T h o u s a n d s  o f  C a s e s  
COSTS OF ALTERNATIVE PLANS 
i l l j u r y  measures i n  t h e  i n t e rv i ews .  The r e s u l t i n g  c o s t  i n c r e a s e s  
would b e  n e g l i g i b l e .  S i m i l a r l y ,  i t  was decided t o  add Days of  
A c t i v i t y  R e s t r i c t  ion  t o  t h e  Household Survey p a r t  of AIS:ERS/ARCIP. 
T h u s ,  t h e  two f i n a l  a l t e r n a t i v e s  both would p rov ide  two i n j u r y - s e v e r i t y  
measures. 
In d i s c u s s i o n s  comparing the  two f i n a l  a l t e r n a t i v e s ,  n e i t h e r  
s tood  out  a s  obviously  b e t t e r .  Cos t s  a r e  not g r e a t l y  d i f f e r e n t  i n  
t h e  d e s i r a b l e  range of about 10 ,008  c a s e s .  A s  a r e s u l t  t h e  f i n a l  
d e c i s i o n  was t o  recommend both p l a n s  f o r  f u t u r e  a c c i d e n t - i n j u r y  
s t a t i s t i c s  e s t i x i t i o n :  
An Err.drgency Room Sample (AIS d a t a )  p l u s  an 
auxiliary Household Survey (Both AIS and Days 
of A c t i v i t y  R e s t r i c t i o n ) ,  fol lowed by c o l l e c t i o n  
of Accident Repor ts  Corresponding t o  t h e  I n j u r e d  
Persoris.  
An A-. - , -   dent Report Sample, fol lowed by I n t e r -  
views w i t h  I n ju r ed  Persons  (both AIS and Days 
of A c t i v i t y  R e s t r i c t i o n . )  
PROCEDURES AND SCOPE OF DATA COLLECTION PROGRAMS 
The two programs described below a r e  recommended f o r  fu ture  
implenientat ion. 
EMERGENCY ROOM/HOUSEHOLD SAMPLES AND CORRESPONDING ACCIDENT REPORTS 
The basic  sample i n  t h i s  plan is derived from the National 
Electronic  Injury Surveil lance System (NEISS), a  system sponsored 
by the Food and Drug Administration and based on data on i n j u r i e s  
t r ea ted  i n  a  network of hospi ta l  emergency rooms. A secondary 
sample of data  on motor-vehicle accident i n j u r i e s  would be col- 
lec ted  i n  the Health Interview Survey, a  nat ional  household survey 
conducted by HEW. T h i s  secondary sample would be reas3nably u n -  
biased i n  terms of i t s  d i s t r i b u t i o n  of i n j u r y  s e v e r i t t e s ,  and thus 
would be used t o  derive weighting f a c t o r s  f o r  the basic sample 
(which would have an inherent underrepresentation of minor i n j u r i e s ) ,  
Accident r epor t s  corresponding t o  injured persons i n  t3e emergency 
room sample would be obtained by contacting the apprc?r ia te  loca l  
pol ice  agencies. The i n j u r y  s eve r i ty  measure i n  the exergency rooms 
would be AIS, and i n  the household survey both AIS and Days of 
Act ivi ty  Res t r ic t ion  would be sever i ty  measures. 
Established i n  1971, NEISS is designed t o  provide f o r  the 
f i rs t  time a  s t a t i s t i c a l l y  va l id  means t o  assess  community needs 
r e l a t i v e  t o  hazards imposed upon the consumer. T h i s  came system 
w i l l  provide the in te l l igence  f o r  remedial program e v ~ , l u a t i o n  both 
on a  nat ional  l e v e l  and i n  spec ia l  " t e s t "  areas .  
Data garnered through NEISS w i l l  be s t a t i s t i c a l l y  general izable  
t o  the nat ional  scene and w i l l  provide a  means t o  reac t  quickly a n d  
responsibly where spec ia l  health or s a f e t y  hazards a re  detected 
a s  being causally r e l a t ed  t o  consumer products. The data  fo r  NEISS 
w i l l  come i n i t i a l l y  from 119 s t a t i s t i c a l l y  se lec ted  h ~ s p i t a l  emer- 
gency rooms located throughout the nat ion.  These hospi ta l s  will 
represent a l l  hospi ta l  emergency room treatments i n  t h e  United 
S ta tes .  For each s t a t i s t i c a l l y  se lec ted  hosp i t a l ,  severa l  valZd 
; ~ l t e r n a t e s  have been drawn i n  o rder  t o  maintain t he  s t a t i s t i c a l  
i n t e g r i t y  of the  system. Eventually i t  i s  hoped t h a t  h o s p i t a l  
i n -pa t i en t  da ta  ~s w e l l  a s  o the r  t rea tment  c e n t e r s  w i l l  be incor-  
pora ted ,  t o  broaden the  scope of coverage over a  wider range of 
s e v e r i t y .  
The sequence of NEISS ope ra t i ons  begins when an acc iden t  
v ic t im comes i n t o  the  h o s p i t a l  emergency room f o r  t rea tment  of 
i n j u r i e s .  The snergency room admissions c l e r k  q u e r i e s  t h e  v ic t im 
(or  whomever brodght i n  a  c h i l d  o r  unconscious p a t i e n t )  a s  t o  what 
product was i n v ~ l v e d  i n  t h e  i n j u r y  and where t h e  acc iden t  happened, 
w r i t i n g  t h i s  information d i r e c t l y  on t he  emergency room record.  
T h e  person on the h o s p i t a l  s t a f f  who has been des ignated and t r a i n e d  
a s  a  code / t ransmi t te r  reviews the  d a y ' s  records  f o r  those  i n j u r i e s  
involving consumer products  and t r a n s c r i b e s  coded equ iva l en t s  f o r  
a l l  r e l evan t  d a . ; ~  onto  a  s p e c i a l l y  designed code s h e e t .  
A t  t h e  en6 of each d a y ' s  coding, t he  code r / t r ansmi t t e r  types  
t he  coded da t a  ;nto a  Western Union model 33  t e l e t y p e w r i t e r  which 
has been i n s t a l l e d  express ly  f o r  t h i s  purpose. While typ ing ,  a  
pe r fo ra t ed  paper t ape  is au tomat ica l ly  punched, con ta in ing  a l l  t h e  
da t a  on each case .  When typing of t he  coded data  is completed, 
the  opera tor  s i ny ly  t u r n s  off  the  t e l e t y p e  and loads  t h e  pe r fo ra t ed  
paper tape  i n  a  s p e c i a l  " reader"  on t h e  machine. 
During t he  i a t e  n ight  hours of low te lephone l i n e  t r a f f i c ,  a  
s p e c i a l  switchirig device a t t ached  t o  t h e  headquar ters  computer i n  
Washington au tomat ica l ly  p o l l s  each of t he  119 h o s p i t a l  based t e r -  
minals .  T h i s  device  t u r n s  each remote t e l e t y p e  machine on i n  t u r n ,  
reads  the  per foya ted  .paper t ape  a t  high speed,  e d i t s  t h e  d a t a  f o r  
completeness anc co r r ec tnes s  and records  t h e  d a t a  i n  the  computer. 
The c e n t r a l  c o m 2 ~ t e r  then prepares  a  d a i l y  summary r e g i s t e r  and 
d e t a i l e d  case p r i n t o u t s  f o r  headquar ters  review each morning. 
Headquarters  s t a f f  reviews the  summary r e g i s t e r s  which p re sen t  
rank-ordered frequency d i s t r i b u t i o n s  and rank-ordered r e l a t i v e  
s e v e r i t y  d i s t r i b u t i o n s  i n  o rder  t o  determine changes i n  i n j u r y  
r a t e  and inves t i , a t i ve  p r i o r i t i e s .  
Products ranking h i g h  i n  frequency o r  r e l a t i v e  sever i ty  w i l l  
genera l ly  c o n s t i t u t e  p r i o r i t y  items. The appropriate  records a re  
consulted f o r  case d e t a i l  from which indiv idual  cases a r e  se lec ted  
f o r  inves t iga t ion .  The hosp i t a l  i d e n t i f i c a t i o n  and case numbers 
a re  noted and typed i n t o  the  headquarters t e l e type  terminal  which 
re l ays  the  information t o  the  computer f o r  l a t e r  simultaneous t r ans -  
mission t o  the appropriate  hosp i t a l  and FDA f i e l d  terminals .  The 
FDA f i e l d  inves t iga to r  i s  t h u s  apprised of headquarter ' s  request 
f o r  iden t i fy ing  p a r t i c u l a r s  i n  s p e c i f i c  cases  and the  hosp i t a l  
personnel re-access the  records f o r  name, address and telephone 
number of the vict im.  T h i s  information is then given, by phone, 
t o  the FDA f i e l d  inves t iga to r  who i n i t i a t e s  contact w i t h  the  victim 
(or  t h e i r  family)  t o  request an inves t iga tory  v i s i t .  
If t he  vict im decl ines  an inves t iga t ion  reques t ,  no fu r the r  
attempt is  made t o  follow up on t h a t  p a r t i c u l a r  case.  If  the  victim 
gran t s  permission f o r  an inves t iga t ion  she or he i s  v i s i t e d  a t  
the e a r l i e s t  p rac t i cab le  t ime, idea l ly  w i t h i n  72 hours of the  i n -  
j u r y .  A t  t h a t  poin t ,  a  comprehensive interview is  unf.ertaken w i t h  
concommitant v e r i f i c a t i o n  of surve i l lance  da ta ,  specj-Tic i d e n t i f i -  
ca t ion  of the product,  diagrams, photographs surrounding an acci-- 
dent a r e  co l l a t ed  t o  form the inves t iga t ion  report  which i s  then 
sent  t o  headquarters i n  Washington, D.C.  f o r  conf iden t i a l  s t a f f  
review and ana,lysis.  
I n  discussions w i t h  D r .  Robert Verhalen, co-founder of NEISS 
w i t h i n  FDA, i t  was determined t h a t  the c h a r a c t e r i s t i c s  of the system 
a re  such t h a t  i t  would be compatible w i t h  a  program f o r  co l l ec t ing  
da ta  on motor-vehicle accident i n j u r i e s  on a  na t ional  s c a l e .  T h i s  
judgement is  based on not only the na t ional  representa t iveness  of 
the  i n j u r i e s  recorded b y  NEISS, b u t  a l s o  the f l e x i b i l i t y  of the 
system t o  both incorporate a  new injury-severi ty  measure and co- 
operate  w i t h  another agency such a s  NHTSA i n  the processing and 
dissemination of data .  Further ,  the  general  viewpoir.? of personnel 
present ly  associa ted  w i t h  NEISS is favorable t o  expanded use of 
the system f o r  a  wide va r i e ty  of in jury- re la ted  programs. 
W i t h  t he  except ion of i t s  in ju ry - seve r i t y  c a t e g o r i e s  t he  
procedures of NEISS a r e  f u l l y  compatible w i t h  a  method of i n ju ry -  
s e v e r i t y  da t a  c o l l e c t i o n  from a  sample of emergency rooms, a s  
d iscussed i n  t he  preceding s e c t i o n .  O f f i c i a l s  i n  NEISS admit 
t h a t  t h e i r  method of ca t ego r i z ing  i n j u r i e s  does not provide a  good 
measure of a c t u a l  s e v e r i t y .  I n s t ead ,  i t  emphasizes t h e  number of 
e x t e r n a l  i n j u r y  p o i n t s  i n  t h e  body. However i t  was f e l t  t h a t  t h e  
AIS could e a s i l y  be incorporated i n t o  t h e  NEISS system f o r  use i n  
those  cases  of :riotor-vehicle acc iden t  i n j u r i e s  which might be 
s e l e c t e d  f o r  t t ~  sample. When NEISS is  i n  f u l l  ope ra t i on ,  i t  is 
a n t i c i p a t e d  tha; da t a  on 720,000 i n j u r y  cases  w i l l  be c o l l e c t e d  
each year .  O f  t h e s e ,  i t  i s  es t imated  t h a t  about 50,000 w i l l  be 
due t o  motor-vehicle acc iden t s .  Because t h i s  i s  f a r  more than 
necessary f o r  accura te  na t i ona l  e s t i m a t e s ,  a  secondary s t a g e  of 
sampling w i l l  he lp  t o  reduce t h e  sample s i z e .  T h i s  sampling w i l l  
probably amount t o  nothing more than counting a l l  motor-vehicle 
acc iden t  i n j u r i e s  i n  each of t he  119 emergency rooms, and choosing 
every nth case  according t o  an app rop r i a t e  sampling f r a c t i o n  ( e , g . ,  
every f i f t h  case  would provide 10,000 cases  per  y e a r ) .  The AIS 
would be app l i ed  only t o  those  s e l e c t e d  cases .  Another d i f f e r e n c e  
is  t h a t  AIS va lus s  would be determined by a  phys ic ian ,  whereas 
t he  cur ren t  N E I S  c a t e g o r i e s  a r e  o f t e n  determined by t h e  emergency 
room admissions c l e r k .  According t o  NEISS personnel ,  changes 
r e l a t e d  t o  AIS (secondary sampling, physic ian coopsra t ion ,  and 
new format f o r  the  recording forms) can be worked out  between FDA 
and NHTSA. 
Among the  advantages of an emergency room sample, w i t h  r espec t  
t o  most of t he  cP:her a l t e r n a t i v e s  previously  mentioned a r e  i t s  
r e l a t i v e l y   simp:^ sample des ign ,  i t s  r e l a t i v e l y  smal l  number of  
d a t a  sou rces ,  q ~ i c k  access  fol lowing i n j u r y ,  and proximity of 
i n j u r y  and  acc iaen t  da t a  sources .  NEISS inco rpo ra t e s  a l l  t h e s e  
advantages,  and a c t u a l l y  e l i m i n a t e s  t he  neces s i t y  of des igning a  
new sample, t h u s  reducing s t a r t - u p  time and c o s t s  t o  NHTSA. Fur ther  
NEISS provides  ?:e most r ap id  and e f f i c i e n t  means f o r  t r a n s m i t t i n g  
i n j u r y  data  t o  a  c e n t r a l  f i l e .  On the  o ther  hand, i t  is  c l e a r  
t h a t  an emergency room sample is  the  only da ta-col lec t ion  a l t e r -  
native t o  which NEISS i s  app l i cab le ;  and AIS is the  only i n j u r y -  
s eve r i ty  measure t h a t  could be reasonably used w i t h i n  NEISS. 
The primary caut ion about t h i s  recommended plan is t h a t  i t  
depends on the continued exis tence  and cooperation of two o ther  
government programs outs ide of the Department of Transportat ion.  
Both NEISS and the Health Interview Survey a re  administered w i t h i n  
the Department of Health, Education and Welfare. Not only t h e i r  
long-term v i a b i l i t y  b u t  a l s o  t h e i r  rout ine  day-to-day operat ions 
would be beyond the  d i r e c t  cont ro l  of NHTSA. In add i t ion ,  the re  
is a p o s s i b i l i t y  t h a t  some h o s p i t a l s  present ly  i n  the  NEISS sample 
would balk a t  the add i t iona l  da ta  requirements f o r  NHTSA. In t h a t  
case,  add i t iona l  hosp i t a l s  might be r ec ru i t ed  by NHTSA so le ly  t o  
augment the sample of AIS-coded i n j u r i e s .  
The Health Interview Survey (HIS) has been conducted f o r  many 
years  and present ly  involves approximately 42,000 randomly se lec ted  
households. I t  is  estimated t h a t  only about 2400 of the  people 
represented i n  the sample have su f fe red  an i n j u r y  due t o  a  motor 
vehicle  accident w i t h i n  t he  year preceding t h e i r  household i n t e r -  
view. In discussions w i t h  D r .  Ronald Wilson of the  Center f o r  
Health S t a t i s t i c s  i t  was determined t h a t  the  continuing HIS sampling 
plan would be compatible w i t h  NHTSA needs f o r  na t ional  representa t ion  
of motor vehicle  accident i n j u r i e s ,  and t h a t  the HIS s t a f f  i s  
accustomed t o  per iodic  adaptat ions of the survey t o  s p e c i a l  needs 
of other  agencies.  T h u s ,  an AIS quest ion could be add.ed t o  the 
standard form, provided t h a t  NHTSA requests  the  addi t ion  a t  l e a s t  
a year i n  advance. Current HIS da ta  already includes gays of 
Normal Act ivi ty  Res t r i c t ion ,  b u t  i t  is l imi ted  t o  the two weeks 
p r i o r  t o  the interview.  A s imi la r  quest ion could be added f o r  
the preceding s i x  months, b u t  any period longer than t h a t  lead 
t o  i n t o l e r a b l e  e r r o r s  due t o  interviewees f o r g e t t i n g  minor i n j u r i e s ,  
T h u s ,  a sample of about 1200 i n j u r i e s  is  the maximum % be expected 
I I S .  T h i s  is su l ' f ' i c i o n t  t o  provide accura te  weighting f a c t o r s  
I or. t . t ~ ( t  c . rnc :r8Kol l c . y  r - o o l n  ( l i ~ t i ~  w i  l,h rospcct  t o  i t s  d i s t r i b u t i o n  of 
Accident da ta  f o r  t h i s  plan need be c o l l e c t e d  only f o r  t h e  
cases  i d e n t i f i e d  i n  t he  emergency room sample, I n  each ca se ,  t h e  
NEISS headquarzars w i l l  request  name, address  and telephone number 
f o r  v ic t ims  of x~otor  veh i c l e  acc iden t s  who have had t h e i r  i n j u r i e s  
coded on t he  AIS. Then, i n  conjunct ion wi th  t h e  FDA f i e l d  s t a f f ,  
SHTSA personnel  w i l l  contact  t h e  i n d i v i d u a l s  t o  determine where 
t h e i r  acc iden t  occurred,  or  t h e  l o c a t i o n  may be obta ined by o the r  
means ( t r a c i n g  ambulance d r i v e r ,  e t c ) .  The NHTSA s t a f f  person 
w i l l  then con tac t  t he  app rop r i a t e  p o l i c e  agency and ga in  access  t o  
the  o f f i c i a l  acc iden t  r e p o r t ,  e i t h e r  by phone, ma i l ,  o r  d i r e c t  
viewing a t  t h e  po l i ce  s t a t i o n .  Accident v a r i a b l e s  t o  be obta ined 
would probably include most of t he  fol lowing:  
number of veh i c l e s  involved 
loca t  i o n  (u rban / ru ra l )  
acc iden t  s e v e r i t y  ( i n j u r y / f a t a l )  
conf i g ~ r a t  ion (head-on, r e a r ,  s i d e ,  r o l l ,  
o : l  road,  o b j e c t ,  p e d e s t r i a n )  
d a t e  zs3 day of week 
time (day l igh t /darkness )  
road type 
veh i c l e  type 
age and sex of i n ju red  person 
Other acc iden t  v a r i a b l e s  could be added f o r  s p e c i a l  purposes ,  e.g , ,  
sea t ed  p o s i t i o n ,  use of r e s t r a i n t s ,  weather ,  o t h e r  veh i c l e  t ypes ,  
model yea r s ,  nc::.per of o t h e r s  k i l l e d  o r  i n j u r e d .  Upon r e c e i p t  of 
t h e  acc iden t  d ~ i a ,  t he  NHTSA s t a f f  w i l l  combine i t  w i t h  t h e  AIS 
code t o  provide a  complete record f o r  each i n j u r y  case  p r i o r  t o  
da t a  process ing.  
From t h e  cos t -es t imates  i n  Appendix B ,  t h e  f e a s i b l e  sample 
s i z e s  of  injureci persons i n  t h e  emergency room sample a r e  shown i n  
Table 12 i n  coL ;~nc t ion  w i t h  four  a l t e r n a t i v e  program cos t  l e v e l s  
on an annual  b 5 3 ; ~ .  Also shown a r e  t he  m i n i m u m  s i g n i f i c a n t  d i f -  
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The sample s i z e  recommended i s  10,000 a t  an annual  c o s t  e s t i -  
mated a t  $320,000, In t h i s  c a s e ,  minimum s i g n i f i c a n t  d i f f e r e n c e s  
f o r  o r i g i n a l  group s i z e s  of 5 ,  10 ,  20 and 50% would be ,51 ,  ,67; 
.94,  and 1.17% r e s p e c t i v e l y .  Thus, i f  a  group such a s  i n j u r i e s  
w i t h  AIS=5, were e x a c t l y  5% of t h e  sample i n  one yea r ,  a  s t a t i s t i c a l l y  
s i g n i f i c a n t  change i n  t h a t  same group would e x i s t  i f  t h e  group 
were 5.5% o r  more of t h e  sample i n  t he  fo l lowing year .  
ACC1DE:NT REPORT SAMPLES AND INTERVIEWS WITH INJURED PERSONS 
The sample i n  t h i s  p l an  would h a v e - t o  be designed by t h e  pro-  
gram s t a f f  t o  provide  a  n a t i o n a l  r e p r e s e n t a t i o n  of o f f i c i a l  p o l i c e  
a cc iden t  r e p o r t  forms. Rather  than sampling among a l l  p o l i c e  
agenc ies ,  i t  is  recommended t h a t  d a t a  be c o l l e c t e d  from a l l  50 
s t a t e s  and D . C . ,  p r o p o r t i o n a l  t o  popu la t ion ,  and t h a t  t h e  sampling 
t ake  p l ace  w i t h i n  t h e  c e n t r a l  a cc iden t  f i l e s  of each of t h e  51 
, j u r i s d i c t i o n s .  Na.mes and add re s se s  of a l l  persons  involved i n  
( . ; I ( . I I  : , :1111 , )  1 0 ( 1  ; l ( ' ( , l  ( l ( :~ i  t wo111.(I I) (?  o t )Ln incd  f'rom the  r e p o r t s ,  and 
( .O I I ( ; L ( . I  w o ~ ~ l t l  I)(, 111;~t lo  w i  t,ll L ~ C H O  l ) u o p l ~ ' ,  ~ ~ r i m a r i l y  t)y tclcphollc 
I l l t c t l 0 v  I c w .  I n  cnoh iiitcr'vicw, enough ini'ormation would be obta ined 
to provide an AIS code and t h e  nnmber of Days of Normal Act iv i ty  
R e s t r i c t i o n .  
As an ex i sz ing  source of acc iden t  d a t a ,  t h e  composite of 
o f f i c i a l  p o l i c e  acc iden t  r e p o r t s  throughout t h e  country a r e  q u i t e  
compatible w i t h  t h e  bas i c  NHTSA needs f o r  an annual acc iden t -  
i n ju ry  e s t ima t ion  program. Actua l ly ,  t h e  r e p o r t s  c o n s t i t u t e  t h e  
only e x i s t i n g  source of acc iden t  da t a  which provide a  reasonable  
na t i ona l  r ep re sen t a t i on  of motor veh i c l e  acc iden t  and in ju ry  occur- 
rence.  Though c h i s  source e x h i b i t s  a  s l i g h t  b i a s  due t o  under- 
r epo r t i ng  of minor acc iden t s ,  t he  same i s  t r u e  of most o the r  acc i -  
dent da t a  c o l l e c t i o n  methods t h a t  could be implemented. Not only 
do t he  acc iden t  r e p o r t s  e x i s t  they a l s o  a r e  c l u s t e r e d  by s t a t e ,  
t h u s  s impl i fy ing  t he  sampling process .  In  a l l  s t a t e s ,  copies  of 
l o c a l  acc iden t  :sports a r e  forwarded from the  var ious  p o l i c e  agencies  
t o  a  c e n t r a l  o f l l c e ,  usua l ly  i n  a  department of highways, motor 
v e h i c l e s ,  o r  s t ~ t e  p o l i c e .  In some s t a t e s ,  t h e  r e p o r t s  a r e  s t o r e d  
only i n  hard copy form, but i n  a  growing number of s t a t e s  t he  
s ta tewide  da t a  is compiled i n  a  magnetic-tape computer f i l e ,  
Sampling of mosz s t a t e  f i l e s ,  whether i n  drawers o r  computer s t o r age  
would be by consecut ive  counting and s e l e c t i o n  of every nth case ,  
based on an app2opria te  sampling f r a c t i o n .  Though s t a t e  subsamples 
quotas  would be 2 ropor t i ona l  t o  popula t ion ,  t h e  sampling f r a c t i o n s  
would vary depecding on d i f f e r e n c e s  i n  s t a t e  acc iden t - repor t ing  
p o l i c i e s ,  u rban iza t i on ,  geography, e t c .  
Contacts  w i t h  s t a t e  l i a i s o n  o f f i c i a l s  would be made by NHTSA 
t o  arrange pe r iod i c  sampling and t ransmiss ion of t h e  acc iden t  da , ta .  
Upon r e c e i p t  of each segment of the  d a t a ,  names and addresses  of 
people involved i n  t h e  acc iden t  would be recorded on a  master l i s t ,  
including not oLly those  i d e n t i f e d  by t h e  p o l i c e  a s  i n j u r e d ,  but 
a l s o  a l l  o the r  passengers  noted. I n i t i a l  a t t empts  a t  con tac t ing  
these  people would be by phone from a  c e n t r a l  NHTSA s t a f f  o f f i c e ,  
For those  not contacted by te lephone,  a t t empts  would then be  
made by mail .  F i n a l l y ,  a  smal l  f r a c t i o n  of t he  sample would be 
contacted by persona l  v i s i t  by an NHTSA f i e l d  s t a f f  member. In 
each con tac t ,  the  bas i c  requ i red  information is an AIS code f o r  
t h e  pe r son ' s  i n j u r y ,  and an e s t ima te  of Days of Normal Ac t iv i t y  
R e s t r i c t i o n .  For t he  AIS code, the in te rv iewer  would Rake the  
e s t ima te  based on t h e  i n j u r e d  pe r son ' s  d e s c r i p t i o n s  of t h e  i n j u r i e s  
and t rea tment .  Days of r e s t r i c t i o n  would be the  pe r son ' s  d i r e c t  
response a f t e r  exp lana t ion  by t he  in te rv iewer .  Upon r e c e i p t  of 
i n j u r y  d a t a  f o r  each case ,  t he  NHTSA s t a f f  w i l l  combine i t  w i t h  
t he  corresponding accident  da t a  t o  provide a  complete record f o r  
each case p r i o r  t o  d a t a  process ing.  
From t h e  cost -es t imate  da t a  of Appendix B ,  Table 13 was con- 
s t r u c t e d ,  showing f e a s i b l e  sample s i z e s  and correspond!-ng accurac ies  
a t  four  pos s ib l e  cos t  l e v e l s  f o r  an annual program. 
Table 13 
COST, SIZE AND ACCURACY OF ACCIDENT 
RECORD SAMPLE PLAN 
Cost 
$50,000 
.95 Con? idence 
Sample Group Size  Minimum S i g n i f i c a n t  
S ize  i n  F i r s t  Sample D i f  f e r e ~ c e  of Second Sample 
As i n  the o t h c r  p l a n ,  t h e  recommended sample s i z e  i s  10,000 
and i t s  annual  c o s t  would be about $370,000. Because t h e r e  w i l l  
be approximately 1 . 5  i n j u r e d  pe rsons  i n  each i n j u r y  a c c i d e n t ,  i t  
w i l l  only be necessary  t o  sample around 6 ,700 acc iden t  r e p o r t s  t o  
o b t a i n  10,000 i n j u r y  ca se s .  
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
1. No program now e x i s t s  t h a t  is  s a t i s f a c t o r y  t o  provide 
accura te ,  na t ional  es t imates  of motor-vehicle-accident i n j u r i e s  
and i n , j u r y  s e v e r i t i e s ,  and t h e i r  r e l a t ionsh ip  t o  the a,rcident 
c h a r a c t e r i s t i c s .  
2 ,  The need e x i s t s  f o r  such a  program a s  a  means of evalu- 
a t i o n  of highway sa fe ty  countermeasures. 
3 ,  W i t h i n  such a  program, the need e x i s t s  f o r  an in jury-  
seve r i ty  measure which i s  meaningful t o  the general  publ ic  and 
capable of providing prec ise  s t a t i s t i c s  on i n j u r y  c l a s s i f i c a t i o n .  
4 .  The standard pol ice  injury sca le  is  the only e x i s t i n g  
in jury-sever i ty  measure w i t h i n  mass accident da ta  t h a t  i s  capable 
of providing na t ional ly  representa t ive  i n j u r y  es t imates .  
5 ,  The standard pol ice  injury sca le  is inadequate f o r  a  
fu tu re  program of accident- injury data  c o l l e c t  ion because of i t s  
imprecision and gross  inaccuracies .  
6 ,  Precis ion of the  pol ice  i n j u r y  s c a l e  could be improved 
by r e d e f i n i t i o n s .  
7 .  Accuracy of da ta  on the  pol ice  i n j u r y  sca le  could be 
improved by s tandardiza t ion  of police-agency repor t ing  p o l i c i e s  
and b e t t e r  accident inves t iga t ion  t r a i n i n g  fo r  po l i ce .  
8.  The Abbreviated Injury Scale (AIS) is current ly  being 
used f o r  a  l imi ted  number of motor-vehicle-accident inves t iga t ions  
f o r  research purposes. 
9 .  Several  injury-severi ty  measures based on days ( i n  hosp i t a l ,  
l o s t  work, a c t i v i t y  r e s t r i c t i o n ,  e t c . )  a r e  cur rent ly  used i n  a 
na t ional  household survey w i t h  a  very l imited re l a t ionsh ip  t o  
motor-vehicle accidents .  
10 .  Among e x i s t i n g  and p o t e n t i a l  a l t e r n a t i v e s ,  the AIS i s  
the prefer red  in jury-sever i ty  measure, i n  an idea l ized  sense,  
f o r  fu ture  i n j u r y  data  c o l l e c t i o n  programs. I t  has good prec is ion ,  
and accuracy p o t e n t i a l .  Though complex i n  app l i ca t ion ,  i t s  
outward,  appearance of s impl ic i ty  w i l l  make i t  u n d c r s t n n d a h l o  to 
the p ~ ~ h l i ( ~ .  
11. An i n ju ry - seve r i t y  measure us ing number of  Days of 
Normal Ac t iv i t y  R e s t r i c t i o n  is a l s o  p o t e n t i a l l y  u s e f u l  and 
accep tab le  f o r  f u t u r e  programs. 
12.  A method of i n j u r y  da t a  c o l l e c t i o n  us ing a  n a t i o n a l  
sample of h o s p i t a l  emergency rooms is probably t he  most accu ra t e  
among a v a i l a b l e  a l t e r n a t i v e s ,  though i t  would e x h i b i t  a  
b i a s  aga ins t  minor i n j u r i e s .  
13. A methoci of i n ju ry  da t a  c o l l e c t i o n  using a  n a t i o n a l  house- 
hold survey is ?robably t he  l e a s t  b iased among a l t e r n a t i v e s ,  
though i t  is  r e l a t i v e l y  c o s t l y  and sub jec t  t o  e r r o r  of peop le ' s  
r e c o l l e c t i o n s .  
1 4 .  Between the  two f e a s i b l e  sources  of acc iden t  d a t a  
c o l l e c t i o n ,  p o l i c e  acc iden t  r e p o r t s  a r e  supe r io r  t o  in te rv iews  
w i t h  acc iden t  v;etims because t h e  p o l i c e  r e p o r t s  a r e  made immediately 
fol lowing t h e  acc iden t s  by exper ienced personnel .  
15,  A method of acc iden t -da ta  c o l l e c t i o n  us ing a  n a t i o n a l  
samgle of acc iden t  r e p o r t s  is  probably the  bes t  means of ob ta in ing  
a  r e l i a b l e  r e p r e s e n t a t i o n  of acc iden t  c h a r a c t e r i s t i c s  ( i n  s p i t e  of 
s l i g h t  under represen ta t ion  of minor a c c i d e n t s ) ,  and hence is  an 
important a l t e r c a t i v e  f o r  i d e n t i f y i n g  i n j u r e d  persons .  
16. T h e  Na-clonal E l e c t r o n i c  Injury  Su rve i l l ance  System (NEISS) 
p re sen t ly  e x i s t s  a s  an e f f e c t i v e  and convenient means of i n j u r y  
da t a  c o l l e c t i o n  i n  a  n a t i o n a l l y  r e p r e s e n t a t i v e  sample of h o s p i t a l  
emergency rooms, 
17. The Health Interview Survey (HIS) p re sen t ly  e x i s t s  a s  an 
e f f e c t i v e  and co~iven ien t  means of in ju ry-da ta  c o l l e c t i o n  i n  a  
n a t i o n a l l y  r e p r e s e n t a t i v e  household survey.  
18.  Cen t r a l  accident-data  f i l e s  p r e sen t ly  e x i s t  i n  a l l  s t a t e s  
a s  a convenient ly  c l u s t e r e d  and p o t e n t i a l l y  e f f e c t i v e  b a s i s  f o r  
n a t i o n a l l y  r e p r e s e n t a t i v e  sampling of p o l i c e  acc iden t  r e p o r t s .  
19. Among a l l  a l t e r n a t i v e  p lans  considered f o r  f u t u r e  imple- 
mentation of a r a t i o n a l  program t o  provide accu ra t e  acc iden t - in ju ry  
s t a t i s t i c s ,  two & r e  s u p e r i o r :  
a )  A p l a n  us ing  NEISS f o r  AIS i n j u r y  d a t a ,  
weighted by t h e  l e s s -b i a sed  HIS d i s t r i b u t i o n ,  
fo l lowed up by c o l l e c t i o n  of a cc iden t  r e p o r t s  
corresponding t o  NEISS i n j u r i e s ,  w i t h  Days of 
Normal A c t i v i t y  R e s t r i c t i o n  a l s o  c o l l e c t e d  i n  
t h e  HIS d a t a .  
b )  A p l a n  u s ing  a  sample of a cc iden t  r e p o r t s  
c o l l e c t e d  from s t a t e  c e n t r a l  f i l e s ,  fol lowed 
by i n t e rv i ews  w i t h  i n j u r e d  pe rsons  i d e n t i f i e d  
i n  t h e  r e p o r t s ,  f o r  c o l l e c t i o n  of both AIS and 
Days of Normal A c t i v i t y  R e s t r i c t i o n .  
Recommendat i o n s  
1. NHTSA should  i n i t i a t e  a  n a t i o n a l  program of a cc iden t - i n ju ry  
d a t a  c o l l e c t i o n  and e s t i m a t i o n  of i n j u r y  s t a t i s t i c s  a s  r e l a t e d  t o  
a cc iden t  c h a r a c t e r i s t i c s ,  on an annual  b a s i s .  
2 ,  The NHTSA program should  implement one of t h e  two p l a n s  
de sc r i bed  above, i n  t h e  f i n a l  conc lus ion ,  and i n  more d e t a i l  i n  
t h e  preceding s e c t i o n  of t h e  r e p o r t  , 
3 ,  More d e t a i l s  of p o s s i b l e  coopera t ive  arrangements w i t h  
t h e  NEISS and HIS programs should  be i n v e s t i g a t e d  be fore  a  f i n a l  
s e l e c t i o n  is made between t h e  two p l a n s  recommended above, 
4 .  More d e t a i l s  of t h e  p o t e n t i a l  f o r  us ing  a  n a t i o n a l  a c c i -  
den t  r e p o r t  sample ( f o r  purposes  o t h e r  than  i n j u r y  d a t a )  should  
be i n v e s t i g a t e d  be fo r e  a  f i n a l  s e l e c t i o n  is  made between t h e  two 
p l a n s  recommended above. 
5 .  The number of i n j u r e d  persons  t o  be sampled i n  t h e  pro- 
gram should  be approximately 10,000 t o  provide  s u f f i c i e n t  s t a t i s t i c a l  
s i g n i f i c a n c e .  
6 .  NHTSA should  b e  p repared  t o  pay between $300,000 and 
$400,000 annua l ly  f o r  t he  program. 
7 .  AIS should  be cons ide red  a s  a  l e ad ing  contender  f o r  an 
i n j u r y - s e v e r i t y  measure i n  f u t u r e  s t u d i e s  of motor-vehicle-accident  
i n j u r i e s  t o  augment o r  r e p l a c e  t h e  programs recommended above. 
8 .  Both AIS and Days  of Normal A c t i v i t y  R e s t r i c t i o n  should  
be  used i n  f u t u r e  programs i f  t h e y  a r e  both compatible w i t h  t h e  
d a t a  c o l l e c t i o n  p l a n .  
f o r  the  remainder of the  i n d i v i d u a l ' s  working l i f e .  The 
con t r ibu t ion  of t h i s  is ca l cu l a t ed  using the  l a s t  term of 
the  express ion for  L ,  where two assumptions a r e  made: t h a t  
there  a r e  200 working days per year and t h a t  the  working 
l i f e  of t he  ind iv idua l  s t o p s  a t  age 65.  
Some of the  parameters f o r  the  l o s s  c a l c u l a t i o n  a r e  
put i n t o  b e t t e r  perspec t ive  by consider ing the  time continuum 
on which they run.  Above the  time l i n e  a r e  t he  c r i t i c a l  
events  i n  %he s i t u a t i o n ,  and below the  l i n e  a r e  i nd i ca t ions  
of where tae s i g n i f i c a n t  parameters i n  the  l o s s  equat ion 
a r e  ope ra t ing .  
Leave Return Reach F i n a l  65 Years 
Accident Hospi ta l  t o  Work Ef f i c i ency  Old 
To examine the  behavior of t h i s  model, l e t  u s  t ake  
some exampie ca ses .  The f i r s t  is a  moderate in jury  case  
i n  which trie v ic t im is hosp i t a l i zed  f o r  some period of time 
and r e t u r n s  t o  work a f t e r  20 days ,  achieving h i s  f u l l  
e f f i c i e n c y  10 days a f t e r  t h a t  t ime,  Some parameters which 
w i l l  be held constant  dur ing t h i s  examination a r e  the  cos t  
of ambulance s e r v i c e  a t  $150, the  hosp i t a l  charges per day 
a t  $100, a ~ d  the  c o s t  of s p e c i a l  medical a t t e n t i a l  a t  $500. 
For our f i r s t  ins tance  we a l s o  assume t h a t  the  v i c t im ,  who6 
age is i r r e l e v a n t ,  has a  d a i l y  r a t e  of pay of $50 ($10,000 
per yea r ) .  Figure 1 shows a  p l o t  of t he  l o s s  a t t r i b u t e d  t o  
the  acc iden t  a s  a  func t ion  of t h e  e f f i c i e n c y  he e x h i b i t s  
when he r e t u r n s  t o  work f o r  d i f f e r e n t  l eng th  s t a y s  i n  t he  
h o s p i t a l .  The r e s u l t  is  a  s e r i e s  of p a r a l l e l  l i n e s ,  one 
for  each vzlue of D ,  the  number of days i n  the  h o s p i t a l .  
T h e  d i f f e r e a c e  between the  two end p o i n t s  of each l i n e  is a 
constant  $530 i n  the  t o t a l  l o s s ,  a  f i g u r e  which is exaggerated 
due t o  the f a c t  t h a t  a  r e t u r n  t o  work with zero e f f i c i e n c y  
is a  r a the r  un l ike ly  even t .  The d i f f e r ence  is e n t i r e l y  a t t , r i -  
butable  t o  the  e f f e c t  of the  T parameter, the  time i t  takes  
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the victim to  go from h i s  i n i t i a l  e f f ic iency t o  h i s  f i n a l  
one. A change i n  the value of T has the e f f e c t  of a l t e r i n g  
the slope of  the l i n e s  i n  Figure 1 while preserving the  same 
value for L a t  E = 1 . 0 .  T h i s  is shown by the two dotted l ines  
i n  the upper portion of the f igure .  
We can conclude from Figure 1 tha t  i n  cases where there  
is an eventual re turn  t o  the l eve l  of e f f ic iency ex i s t ing  
pr ior  to  t . ~ e  accident ,  the grea tes t  influence on the loss  
incurred comes from the amount of time spent i n  the hospi ta l  
f o r  r e l a t i v e l y  h i g h  values of the l eve l  of e f f ic iency 
a t  the time of re turn  t o  work. A s  t h i s  i n i t i a l  e f f ic iency 
begins t o  dec l ine ,  however, i t  becomes an increasingly 
important determinant of the t o t a l  los s  incurred. 
The :act of permanent d i s a b i l i t y  is, of course,  one 
of the main concerns r e su l t ing  from motor vehicle  accidents ,  
and we can s t u d y  the e f f e c t  of t h i s  by reference t o  Figure 2.  
T h i s  is a  plot  of the dol la r  loss  r e su l t ing  from the 
accident against  the f i n a l  e f f ic iency (F) a t t a ined  by the 
victim fo r  d i f f e ren t  age groups. The e f f i c i ency  a t  re turn  
to  work ( 2 )  was held constant a t  ,50 and the time a f t e r  r e tu rn  
to  work az which the f i n a l  e f f ic iency was reached is 10 days. 
We see t h a t  when 100% eff ic iency is a t t a ined  there  is no 
difference i n  l o s s  due t o  age, but a s  the value of F decreases,  
age of the victim is an increasingly important f a c t o r .  
How lmportant the accurate determination of F is t o  the 
loss  formclation can be seen by studying Figure 2 .  An e r ro r  
i n  estimation of . 2  for  F  yields  a  corresponding e r ro r  i n  
the loss  fanct ion of a  fac tor  of 2 .  For a  40 year old vict im,  
f o r  example, a  determination of = . 8  r e s u l t s  i n  a  loss  of 
$52,600 whereas F  = , 6  gives $102,300. The multiplicative 
constant decreases a s  age of the victim goes up and as  the 
estimates a re  nearer t o  F = 1 . 0 ,  but i t  can be seen t h a t  
misestimation of t h i s  parameter poses a  ser ious  problem 
fo r  the s ~ a b i l i t y  of the f i n a l  r e s u l t .  
Figure  2 
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'I'he most c ? v i d e n t  conclusion t o  be drawn from Figure 2 
is t ha t  t h e  age of the  vic t im plays a  l a r g e  pa r t  i n  the  
determination of the  l o s s  due t o  the  acc iden t ,  While t h i s  
makes considerable  sense i n  economic terms,  a s  a  measure of 
in jury  s e v e r i t y ,  i t  does no t .  The formulation a s  i t  s tands  
is a  good desc r ip t ion  of the  f i n a n c i a l  r e s u l t s  of the  
acc iden t ,  but i f  we want an index which dea l s  more direct1.y 
w i t h  the  in jury  i t s e l f ,  we would l i k e  t o  e l imina te  age a s  
a  f a c t o r  while r e t a i n i n g  the  concept of permanent l o s s  of 
e f f i c i e n c y .  A number of methods m i g h t  be considered f o r  
doing t h i s ,  a l l  of which involve a l t e r i n g  t h e  l a s t  term 
of the  l o s s  equat ion.  Among them a r e  the  following: 
1)  Impose a  maximum time (say one year)  fo r  which 
lo s se s  due t o  permanent d i s a b i l i t y  can accrue .  T h i s  
method takes  the  pos i t i on  t h a t  a f t e r  the  time l i m i t  has passed, 
the  vic t im has been r e t a ined  and is ad jus ted  t o  h i s  new 
pos i t i on  rn l i f e  a s  a  r e s u l t  of the  i n ju ry .  The l a s t  term 
i n  t he  l o s s  equation then becomes (1-F) * P * 200. 
2) Assign a  maximum l o s s  value fo r  permanent and t o t a l  
d i s a b i l i t y ,  M ( say M = $100,000) and rep lace  the  l a s t  term 
of the l o s s  equation w i t h  (1-F) * M .  T h i s  method i n  essence,  
makes a  l ~ m p  sum payment t o  t he  vic t im depending on the  
magnitude of h i s  d i s a b i l i t y .  
The r e s u l t s  of a l t e r i n g  the  model f o r  both of the  above 
methods produce i d e n t i c a l  r e s u l t s  f o r  t he  s tandard  s e t  of 
parameters used i n  the  preceding analyses  because of the  value 
chosen f o r  P ($50 per day) the  curve f o r  a  2-year l i m i t a t i o n  
on d i s a b i 2 i t y  l o s s  accumulation corresponds exac t ly  t o  t h a t  
f o r  a  $20,000 maximum l o s s  fo r  t o t a l  d i s a b i l i t y  suppl ied  
by the l a s t  term i n  the formula. S imi la r ly  fo r  4 years and 
$40,000, e t c .  I t  can be seen from Figure  3 t h a t  t he  l o s s  
funct ion r i s e s  more r ap id ly  a s  these  values  increase  w i t h  
decreasing values  fo r  the  F parameter. 
I f  we pursue t h i s  idea of a t t ach ing  a  maximum value 
t o  the  l o s s ,  we m u s t  ask what t h a t  value  should be i n  order  
t o  remain cons i s t an t  w i t h  o ther  methods of producing these  
numbers. The values  assigned t o  the  average c o s t s  of permanent 
F i g u r e  3 
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and t o t a l  d ~ s a b i l i t y  i n  a  s tudy  done by t h e  Nat ional  Highway 
T r a f f i c  Safe ty  Adminis t ra t ion a r e  a s  fol lows:  
Wage l o s s e s  $139,000 
Medical c o s t s  7 ,800 
Employer l o s s e s  1 ,000 
Insurance Administrat  ion 4,300 
Community s e r v i c e s  7,000 
Miscellaneous 200 
Pain and s u f f e r i n g  50,000 
Home and family  d u t i e s  35,000 
Losses t o  o t h e r s  10,000 
For purposes of our formulat ion we a r e  i n t e r e s t e d  only i n  
the  f i r s t  i tem.  The second i tem,  medical c o s t s ,  is handled 
by t h e  f i r s t  t h r e e  terms of t h e  formula, and the  subsequent, 
items a r e  not considered a t  a l l .  For t o t a l  and permanent 
d i s a b i l i t y  both E and F w i l l  be z e r o ,  making the  l a s t  two 
terms i r r e l e v a n t .  What remains i n  t he  c a l c u l a t i o n  o f  l o s t  
wages, W * P where W now is equal  t o  (65-y) * 200. 
Since t h e  KHTSA f i g u r e  is an average under t h e  assumption 
t h a t  t h e  u s e f u l  working l i f e  an ind iv idua l  occurs  between 
the  ages of 20 and 65,  we may assume t h a t  y = 65 - 45/2 = 42.5.  
Our formula now t e l l s  us t h a t :  
L = 22.5 * 200 * P = $139,000 
and s o l v i n g  f o r  P  g ives  us a  d a i l y  pay r a t e  of $30.90 o r  
an average year ly  income of about $6,200.  We can accep t  
t h i s  a s  a  reasonable  f i g u r e  and use $139,000 a s  our maximum 
wage l o s s  o r  we can s e t  t he  year ly  income t o  another  f i g u r e  
and c a l c u l a t e  a  new maximum. 
So f a r  we have looked a t  t he  l o s s  func t ion  f o r  medium 
and high degress  of i n j u r y ,  cond i t i ons  which a r e  important 
because of  he r e l a t i v e l y  high c o s t  of t he se  i n j u r i e s  t o  
the  v ic t im and t o  s o c i e t y .  For more f r equen t ,  however, a r e  
i n j u r i e s  a t  the  low end of t he  s c a l e ,  and we w i l l  d e f i n e  
t hese  f o r  purposes of t h i s  a n a l y s i s  a s  those  involving no 
l o s s  of e f f i c i e n c y ,  i . e .  E (and t h e r e f o r e  F)  is equal  t o  
1 . 0 .  The l a s t  two terms of our equa t ion  f o r  L drop o u t ,  
l eav ing  the  only parameters of concern a s  A ,  D .  H ,  S ,  W and P .  
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A summary of these low-level i n j u r i e s  is presented i n  
Table 1, and i t  w i l l  be noted tha t  the time l o s t  from work 
and the  f ixed  cos t s  associated w i t h  the accident account 
almost completely f o r  the cumulative amounts. 
While the sca l ing  of injury in to  do l l a r  amounts a s  done 
by t h i s  model presents a  reasonable and readi ly  in te rp re tab le  
view of accident  c o s t s ,  i t  is not a t  t h i s  time proposed 
a s  a  so lu t ion  t o  the c l a s s i f i c a t i o n  problem. I t s  complexity 
and novelty would make i t  d i f f i c u l t  t o  introduce in to  a s  
general and widespread use a s  is required of such a  measure. 
Furthermore, the subjec t ive  est imates  of the v ic t im's  loss  
of e f f i c i ency ,  while theore t i ca l ly  poss ib le ,  a re  not now 
standard p rac t i ce  among the medical p r a c t i t i o n e r s  who would 
be required t o  provide these numbers. I t  is thought, 
therefore ,  tha t  a t  t h i s  s tage  of development, the injury 
c l a s s i f i c a t i o n  aspect of the problem should be handled i n  
a  more s t raightforward and commonplace manner. 

APPENDIX B 
COST ESTIMATES FOR ALTERNATIVE PLANS 
The following cost  es t imates  a re  f o r  a  f u l l  year of normal 
operat ion of the  a l t e r n a t i v e  da ta-col lec t ion  p lans ,  excluding data  
processing. An overhead of 50% on s a l a r i e s  is assumed. Travel 
cos t s  f o r  Plans 1 and 12 a r e  f o r  r e t r i e v a l  of accident r epor t s ,  
and fo r  Plans 9 and 10 the t r a v e l  c o s t s  a re  f o r  interviews w i t h  
in jured  persons,  In each case t r a v e l  is  only required f o r  a  small 
por t ion  of the  d i f f i c u l t  cases .  S taf f  cos t s  f o r  Plans 1 and 12 
a r e  pr imari ly  f o r  contact ing po l i ce  agencies t o  obta in  accident 
r e p o r t s ,  while i n  Plans 9 and 10 the s t a f f  c o s t s  a r e  pr imari ly  
f o r  telephone interviewing. 
Costs f o r  sharing NEISS data  a re  $0.02 per case f o r  a l l  
720,000 NEISS cases (hosp i t a l s  a re  cur rent ly  paid $0.60 per case ) .  
For the cases used by NHTSA and coded f o r  AIS, the  cost  share 
ranges from $6 t o  $4 per  case.  Costs f o r  sharing HIS da ta  a re  
$ 1  per case f o r  a l l  42,000 HIS cases  (current  cost  is  about $40-$50 
per case ) .  For HIS cases ac tua l ly  used, cost  i s  $5 per case ,  
Plan 1 - AIS:ER/ARCIP 
Component 
S a l a r i e s  
- 
Director  
C le r i ca l  
C le r i ca l  
C le r i ca l  (2)  
S ta f f  
S ta f f  
S ta f f  (3)  
S ta f f  (6)  
Overhead 
NEISS basic  
s p e c i a l  
Travel 
Total  
Number of Cases 
250 1800 8000 20,000 
Plan  9 - AIS:IIP/ARS 
Component 
S a l a r i e s  
D i r e c t o r  
C l e r i c a l  
C l e r i c a l  
C l e r i c a l  
S t a f f  
S t a f f  
S t a f f  
S t a f f  ( 3 )  
S t a f f  ( 8 )  
Overhead 
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T o t a l  
Number of  Cases 
250 1800 8000 20,000 
P l a n  10  - Days:IIP/ARS 
Component 
S a l a r i e s  
D i r e c t o r  
C l e r i c a l  
C l e r i c a l  
C l e r i c a l  
S t a f f  
S t a f f  
S t a f f  
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S t a f f  ( 9 )  
Overhead 
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Plan  12 - AIS:ERS&HS/ARCIP 
Component 
S a l a r i e s  
D i r e c t o r  
C l e r i c a l  
C l e r i c a l  
C l e r i c a l  (2 )  
S t a f f  
S t a f f  
S t a f f  
S t a f f  (7 )  
Overhead 
NEISS b a s i c  
s p e c i a l  
HIS b a s i c  
s p e c i a l  
T rave l  
Number of Cases 
200 500 3 000 
APPENDIX C 
FREQUENCIES OF ACCIDENTS, FATALITIES, INJURIES 
AND INJURY SEVERITIES 
T h i s  appendix presents  est imates  of the r e l a t i v e  frequencies 
of motor-vehicle accidents ,  f a t a l i t i e s ,  i n j u r i e s  and i n j u r y  s e v e r i t i e s  
i n  the United S ta tes  i n  1971. Estimates a re  presented as  a function 
of accident seve r i ty ,  accident type and loca t ion ,  configurat ion,  
angle of impact, speed, vehicle weight, road type,  alignment and 
gradient .  
The basic  source of data for  the required tabula t ions  i s  the 
1971 National Accident Summary ( N A S ) ,  compiled by NHTSA from o f f i c i a l  




































The NAS data f i l e ,  i n  i t s  form as  received from NHTSA, consisted 
of 511,869 records.  Each record was defined by a unique combination 
of var iable  l e v e l s  among eleven var iables .  For each record,  there  
was a count of involvements, accidents ,  f a t a l i t i e s  and i n j u r i e s .  
Totals  of a l l  counts among a l l  the records were a s  follows: 
Involvements 6,186,879 
Accidents 3,389,357 
F a t a l i t i e s  34,856 
I n j u r i e s  1,596,797 
In order  t o  reduce the number of records i n  the NAS f i l e  t o  a 
manageable s i z e ,  seven of the var iables  were eliminated. The 51$,869 
o r i g i n a l  records were regrouped i n  combinations of var iable  l eve l s  
among the four remaining va r i ab les :  
Accident Type/Location 
1. Single Vehicle, Rural 
2 .  Single Vehicle, Urban 
3 .  M u l t  i-Vehicle, Rural 
4 .  Multi-Vehicle, Urban 
Col l i s ion  Type 
0 .  Pedestr ian 
1. Non-Motor Vehicle 
2 .  Fixed Object 
3 .  Run-of f -Road 
4 .  Overturned 
5 .  Other 
6.. Head-on 
7 .  Angle Coll is ion 
8. Rear-End 
Accident Severity 
1. F a t a l i t y  
2 .  Injury 
3 .  Property Damage 
Vehicle Type 
1. Passenger Car 
2 .  Truck 
3 .  B u s  
4 .  Motorcycle 
5.  Other 
6 ,  Pedestrian 
7 .  Unknown 
The r e s u l t  was a  compressed f i l e  of only 674 records ,  but the t o t a l s  
of involvements, a cc iden t s ,  f a t a l i t i e s  and i n j u r i e s  remained t h e  
same a s  o r i g i n a l l y .  
The f i n a l  s t e p  i n  modifying t h e  NAS f i l e  was t o  e x t r a p o l a t e  
t he  counts of each record by weighting f a c t o r s ,  i n  o rder  t o  provide 
an approximate r ep re sen t a t i on  of acc iden t s  i n  the  e n t i r e  United 
S t a t e s .  The 674 records  were divided i n t o  s i x  groups,  and weighting 
f a c t o r s  were der ived ,  a s  fo l lows:  
1. Rural ,  F a t a l  Accidents:  1.4782 
2 .  Rural ,  In ju ry  Accidents:  1.4782 
3 .  Rural ,  Property-Damage Accidents : 1.4782 
4 .  Urban, F a t a l  Accidents :  1.6663 
5 .  Urban, In jury  Accidents :  1.8250 
6 .  Urban, Property-Damage Accidents :  1.9737 
These f a c t o r s  were then mu l t i p l i ed  by the counts of involvements, 
a cc iden t s ,  f a t a l i r i e s  and i n j u r i e s  i n  each record w i t h i n  t h e  appro- 
p r i a t e  group. 
Der ivat ions  of t he  weighting f a c t o r s  a r e  a s  fo l lows:  
1. Rural ,  F a t a l  Accidents 
I t  i s  assumed t h a t  t he  frequency of r epo r t i ng  
of r u r a l ,  f a t a l  a cc iden t s  throughout t he  United 
S t a t e s  is  p ropor t i ona l  t o  t he  number of r u r a l ,  
veh i c l e  mi les  d r iven .  
Thus, t h e  weighting f a c t o r  is the  r a t i o  of t o t a l  
U.S. r u r a l - m i l e s  d r iven  t o  r u r a l  mi les  d r iven  i n  
t h e  35 s t a t e s  f o r  which r u r a l  f a t a l  a cc iden t s  a r e  
repor ted .  
The foi lowing mileage da t a  was obta ined from "Fa ta l  
and In jury  Accident Rates on Federal-Aid and Other 
Highway Systems/l970", U .  S. Department of Transpor- 
t a t i o n ,  Federal  Highway Adminis t ra t ion.  
To ta l  U.S. r u r a l  mi les  d r iven :  543,332,000,000 mi les  
Rural mi les  d r iven  i n  35 NAs s t a t e s :  367,556,000,000 miles  
The weighting f a c t o r  i s  1.4782 
2 .  Rural,  Injury Accidents 
I t  is  assumed t h a t  the frequency of repor t ing  
of r u r a l ,  i n j u r y  acc idents  throughout the  United 
S t a t e s  i s  proport ional  t o  the  number of r u r a l ,  
vehicle  miles dr iven.  
T h u s  the weighting f a c t o r  is the same a s  above, 
1.4782. 
3 .  Rural, Property Damage Accidents 
I t  is  assumed t h a t  the frequency of repor t ing  
of r u r a l ,  property-damage accidents  throughout 
the United S t a t e s  is proport ional  t o  the  number 
of r u r a l ,  vehicle  miles dr iven.  
T h u s  the  weighting f a c t o r  is  the  same a s  above, 
1.4782. 
4 .  Urban, F a t a l  Accidents 
T h i s  weighting f a c t o r  is the r a t i o  of an est imate 
of t o t a l  f a t a l i t i e s  i n  urban t r a f f i c  acc idents  i n  
the United S t a t e s  t o  the o r i g i n a l  NAS count of 
f a t a l i t i e s  i n  urban t r a f f i c  acc idents .  
T h i s  approach is  used ins tead  of a  mileage r a t i o  
because the o r i g i n a l  NAS f a t a l i t y  count excludes 
f a t a l i t i e s  from a  few of the urban areas  i n  the  35 
s t a t e s ,  namely: Chicago, urban Kentucky except f o r  
Lou i sv i l l e ,  urban Missouri except f o r  Kansas C i t y  
and S t .  Louis, and urban West Virg in ia .  
An est imate of t o t a l  f a t a l i t i e s  i n  t r a f f i c  acc idents  
i n  1971 was obtained by personal communication from 
the National Safety Council: 53,718. 
An est imate of t o t a l  r u r a l  f a t a l i t i e s  i n  t r a f f i c  
accidents  i n  1971 was obtained by multiplying the  
weighting f a c t o r  f o r  r u r a l ,  f a t a l  accidents  (1.4782) 
by the NAS count of r u r a l  f a t a l i t i e s  i n  35 s t a t e s  
(23,205),  r e s u l t i n g  i n  34,304 r u r a l  f a t a l i t i e s .  
T h u s ,  an est imate of urban f a t a l i t i e s  i n  t r a f f i c  
accidents  may be obtained as  the d i f ference  between 
the na t ional  t o t a l  and estimated r u r a l  f a t a l i t i e s ,  
i . e . ,  53,718-34,304=19,416 urban f a t a l i t i e s .  
The YAS count of urban f a t a l i t i e s  is 11,651.  T h u s ,  
the  weighting f a c t o r  f o r  urban,  f a t a l  a cc iden t s  is  
19,4i6/11,651=1.6663.  
5 .  Urban, I n j u r y  Accidents 
I t  i s  assumed t h a t  the  frequency of r epo r t i ng  of 
urban,  i n j u r y  a cc iden t s  throughout t he  United S t a t e s  
is  p ropor t i ona l  t o  t he  number of urban,  veh i c l e  mi les  
d r iven .  
The o r i g i n a l  NAS i n j u r y  count excludes  i n j u r i e s  from 
a few of the  urban a r e a s  i n  t he  35  s t a t e s ,  namely: 
Chicak;o, Wichi ta ,  urban Kentucky except  f o r  L o u i s v i l l e ,  
D e t r o l t ,  urban Missouri except f o r  Kansas C i t y  and S t .  
Louis, and urban West V i rg in i a .  Unfor tuna te ly ,  mileage 
da ta  is not broken down f o r  t he se  a r e a s .  The re fo re , t he  
N A S  i n ju ry  counts were extrapolated-by means of both 
populat ion r a t i o s  and a  few Nat ional  Safety  Council 
est imates-in o rder  t o  provide  a  complete e s t ima te  of 
i n j u r y  acc iden t s  f o r  t h e  35 s t a t e s .  
In o rder  t o  e s t ima te  i n j u r y  acc iden t s  i n  Chicago, 
De t ro i t  and urban West V i r g i n i a ,  s t a t e - b y - s t a t e  c 
e s t i m a t e s  of i n j u r y  acc iden t s  were used,  a s  rece ived  
from NHTSA and t h e  Nat ional  Safety  Council .  The NSC 
t o t a l  f o r  I l l i n o i s ,  Michigan and West V i rg in i a  was 
206,420 i n j u r y  a c c i d e n t s .  The NAS count f o r  t h e  same 
s t a t e s  (excluding Chicago, De t ro i t  and urban West 
Virginia) was 151,074 i n j u r y  a c c i d e n t s .  T h u s ,  t h e  
e s t i r . a t e  f o r  t he se  t h r e e  urban a r e a s  i s  55,346 i n j u r y  
a cc iden t s .  
In o rder  t o  e s t ima te  i n j u r y  a cc iden t s  i n  Wichi ta ,  
urban Kentucky excluding L o u i s v i l l e ,  and urban 
Missouri excluding Kansas C i t y  and S t .  . Louis,  d a t a  
was used from t h e  1970 Census of Popula t ion ,  U.S. 
Department of Commerce, Bureau of t h e  Census. The 
populat ion i n  t he se  t h r e e  urban a r e a s  was 3 ,386 ,002 ,  
compared t o  a  popula t ion of 83,424,108 i n  t h e  urban 
a r e a s  covered by t h e  NAS i n j u r y  r e p o r t i n g .  Thus, by 
p ropc r t i on  of popula t ions  t o  t h e  NAS e s t i m a t e  of in ju ry  
acc iden t s  (656,245) t h e  a d d i t i o n  $or t he se  t h r e e  urban 
a r e a s  is 26,634 i n j u r y  a c c i d e n t s .  
The t o t a l  e s t ima te  f o r  a l l  urban a r e a s  w i t h i n  t h e  35  
s t a t e s  is  738,225 i n j u r y  a c c i d e n t s ,  and i t s  p a r t i a l  
weight ing f a c t o r  f o r  t he  NAS count i s  1.1249. 
The o the r  p a r t i a l  weighting f a c t o r  i s  the  r a t i o  of 
U.S. t o t a l  urban miles  t o  urban miles  i n  the  3 5  s t a t e s :  
F i n a l l y ,  the  t o t a l  weighting f a c t o r  f o r  urban, i n j u r y  
acc iden ts  i s  1.8250. 
6 .  Urban Property-Damage Accidents 
I t  is assumed tha t  t he  frequency of r epo r t i ng  of urban 
property-damage acc iden t s  throughout the  United S t a t e s  
i s  propor t iona l  t o  the  number of urban, veh ic le  miles 
d r iven .  
A s  i n  t he  previous grouping, t he  NAS count of proper ty  
damage acc iden ts  excludes those from s i x  urban a r ea s .  
The NAS urban proper ty  damage accident  couct (1,607,832) 
was ex t r apo la t ed  i n  the  same manner a s  f o r  the  previous 
grouping. For Chicago, Det ro i t  and urban West Vi rg in ia ,  
the  a d d i t i o n a l  count of property damage acc iden ts  was 
186,669. For Wichita,  urban Kentucky excluding Louis- 
v i l l e ,  and urban Missouri excluding Kansas C i t y  and 
S t .  Louis, the  a d d i t i o n a l  count is  161,623. 
The t o t a l  es t imate  f o r  a l l  urban a r e a s  w i th in  the 35 
s t a t e s  i s  1,956,124 property-damage a c c i d e c t s ,  and i t s  
p a r t i a l  weighting f a c t o r  i s  1.2166. The o the r  p a r t i a l  
weighting f a c t o r  i s  the  previous mileage r a t i o ,  1.6223. 
T h u s ,  the  t o t a l  weighting f a c t o r  f o r  urban, proper ty-  
damage acc iden ts  i s  1.9737. 
I n  the  fol lowing s e c t i o n s ,  the  required r e s u l t s  of Tasks 1 and 
2 a r e  presented i n  t he  form of 50 t a b l e s .  A l l  of the  t a b l e s  a r e  
based on the  National  Accident Summary, and most a r e  a l s o  based on 
s p e c i a l  f i l e s .  In those cases  where s p e c i a l  f i l e s  a r e  used, the re  
a r e  a  few small  i ncons i s t enc i e s  i n  t o t a l s  because of yound-off e r r o r s  
stemming from propor t ioning procedures.  
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L e v e l ,  by Road A l i g n m e n t  
F r e q u e n c i e s  o f  P e r s o n s  I n j u r e d  a t  Each  I n j u r y - S e v e r i t y  
L e v e l ,  by Road G r a d i e n t  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d ,  by A c c i d e n t  S e v e r i t y  v s .  
I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d ,  by A c c i d e n t  Type  v s .  
I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d ,  by A c c i d e n t  L o c a t  i o n  
v s .  I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d ,  by A c c i d e n t  C o n f i g u r a t i o n  
v s .  I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d  i n  M u l t i - V e h i c l e  A c c i d e n t s ,  
by A n g l e  o f  I m p a c t  v s .  I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d  i n  V e h i c l e s ,  by V e h i c l e  
S p e e d  v s ,  I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d  i n  V e h i c l e s ,  by V e h i c l e  
W e i g h t  v s .  I n j u r y  S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d ,  by  Road T y p e  v s .  I n j u r y  
S e v e r i t y  
F r e q u e n c y  o f  P e r s o n s  I n j u r e d ,  by Road A l i g n m e n t  v s .  
I n j u r y  S e v e r i t y  
F r e q u e n c y  of P e r s o n s  I n j u r e d ,  by  Road G r a d i e n t  v s .  
I n j u r y  S e v e r i t y  
TABULATIONS OF ACCIDENT FREQUENCIES 
T h i s  s ec t ion  presents  Tables 1-19 a s  the  r e s u l t s  of Task 1. 
Each t a b l e  includes es t imates  of both ac tua l  frequencies and r e l a t i v e  
frequencies (percentages) of reported t r a f f i c  acc idents  i n  the 
United S t a t e s  i n  1971, i n  var ious c l a s ses  of accidents  defined by 
10 va r i ab les  (accident s e v e r i t y ,  accident type,  accident loca t ion ,  
accident conf igura t ion ,  angle of impact, vehicle  speed, vehicle  
weight,  road type,  road alignment, and road g r a d i e n t ) .  
Table 1 presents  frequencies of acc idents  by accident seve r i ty  
( f a t a l  acc idents ,  i n j u r y  acc idents ,  and property-damage acc iden t s ) .  
Tables 2-10 each present un iva r i a t e  frequencies i n  three  
separa te  sub-tables  ( f a t a l  acc idents ,  i n j u r y  acc idents ,  and property 
damage acc idents )  by one of the nine other  va r i ab les ,  Accident 
t o t a l s  a re  given fo r  each of the three  accident-severi ty  l e v e l s ,  
and r e l a t i v e  frequencies  a re  given a s  percentages of those t o t a l s .  
Tables 11-19 each present b i v a r i a t e  frequencies of accident 
seve r i ty  vs .  one of the nine other  va r i ab les .  T h u s ,  the  basic  data  
i n  Tables 11-19 a re  the  same a s  i n  Tables 2-10, respect ive ly .  How- 
ever ,  the accident t o t a l s  a re  given f o r  each of the var iable  l e v e l s  
of the  va r i ab les  t h a t  a re  computed versus accident s e v e r i t y .  The 
r e l a t i v e  frequencies  a r e  percentages of the grand t o t a l  of accidents  
i n  each t a b l e .  
Tables 1-5 were produced d i r e c t l y  by computer r u n s  on the 
ext rapola ted  NAS da ta  f i l e .  (The f i v e  va r i ab les  i n  these tables-acci- 
dent s e v e r i t y ,  accident type,  accident loca t ion ,  accident configurat ion,  
and angle of impact-are the only ones of the ten  required var iables  
which occur i n  the NAS d a t a ) .  
Tables 6-10 were produced i n d i r e c t l y  from the NAS data  by f irst  
making aux i l i a ry  computer r u n s  on spec ia l  HSRI f i l e s ,  and then 
weighting the r e s u l t s  by frequencies of NAS accidents  i n  appro- 
p r i a t e  groups. The f i v e  va r i ab les  involved a re  vehicle  speed, 
vehicle  weight,  road type,  road alignment, and road gradient .  
Three s p e c l a 1  acc iden t -da ta  f i l e s  were used :  
1. Washtenaw County, Michigan: 1968-1970 
2 .  Oakland County, Michigan: 1970 
3 .  Texas (5% sample) :  1970 
Table 6 ( v e h i c l e  speed) was based on 12 independent computer 
runs  of  v e h i c l e  involvements i n  a c c i d e n t s  by v e h i c l e  speed ,  from 
t h e  Texas f i l e .  The 12 runs  corresponded t o  12 groups de f i ned  by 
a l l  combinations of a cc iden t  s e v e r i t y  ( f a t a l ,  i n j u r y ,  p roper ty  
damage), a cc iden t  type  ( s i n g l e  v e h i c l e ,  m u l t i - v e h i c l e ) ,  and acc iden t  
l o c a t i o n  ( r u r a l ,  u rban) .  The 12 speed d i s t r i b u t i o n s  a r e  p r e sen t ed  
be low. Each of t h e  12 d i s t r i b u t i o n s  was weighted by t h e  
number of v e h i c l e  involvements i n  t h e  corresponding group of t h e  
e x t r a p o l a t e d  N A S  f i l e .  The 12 N A S  involvement s u b - t o t a l s  a r e  a l s o  
p resen ted  below. The 12 weighted d i s t r i b u t i o n s  were added 
t o  produce Table 6 .  The speed d a t a  i n  t h e  Texas f i l e  a r e  in tended  
t o  r ep r e sen t  a  p o l i c e  o f f i c e r ' s  e s t i m a t e  of v e h i c l e  t r a v e l  speed 
p r i o r  t o  t he  a c c i d e n t .  Thus, t h e  d a t a  i n  Table 6  should  be i n t e r -  
p r e t e d  a s  speed p r i o r  t o  impact .  
Table 7  is based on t h r e e  runs  of c a r  involvements i n  a c c i d e n t s  
( f a t a l ,  i n j u r y  ~ n d  p rope r ty  damage) by v e h i c l e  we igh t ,  and t h r e e  
runs  of t r u c k  irivolvements i n  a c c i d e n t s  ( f a t a l ,  i n j u r y ,  p roper ty -  
damage) by v e h i c l e  make and model i n  t h e  Washtenaw f i l e .  Vehicle 
make and model d a t a  were subsequent ly  conver ted  t o  vehicle-weight  
d a t a  by r e f e r e n c e  t o  manu fac tu r e r ' s  in fo rmat ion .  The s i x  d i s t r i -  
bu t ions  by v e h i c l e  weight  a r e  p r e sen t ed  below along w i t h  
NAS d i s t r i b u t i o n s  of v e h i c l e  type  ( c a r ,  t r u c k ,  bus, motorcycle)  
involvements vs .  a cc iden t  s e v e r i t y .  The N A S  c a r  and t r u c k  d a t a  
was used a s  we igh t ing  f a c t o r s  on t h e  s i x  d i s t r i b u t i o n s .  The motor- 
cyc l e  we igh t s  were assumed t o  be a l l  i n  t h e  lowest  c a t e g o r y ,  (under 
1500 l b s . ) .  Data on b u s  we igh t s  i n  a c c i d e n t s  could  not be found, 
b u t  NSC e s t i m a t e s  i n d i c a t e  t h r e e  t imes  a s  many commercial buses  i n  
a c c i d e n t s  cornpax-ed t o  schoo l  buses ;  t y p i c a l  we igh t s  f o r  those  t ypes  
a r e  i n  t h e  ranges  10,500-12,500 l b s .  and 12,500-14,500 l b s , ,  
r e s p e c t i v e l y .  The r e s u l t s  of Table 7 a r e  t he  s u m s  f o r  t he  fou r  
veh i c l e  types .  A l l  we igh t s  a r e  unloaded (curb)  weights .  
Table 8 (road t ype )  was based on 12 independent computer runs 
of a c c i d e n t s  by road t ype ,  from t h e  Oakland f i l e .  The 12 road-type 
d i s t r i b u t i o n s  a r e  p resen ted  below. Each of t h e  12 d i s t r i -  
bu t ions  was weighted by t h e  number of a c c i d e n t s  i n  t h e  corresponding 
group of t h e  e x t r a p o l a t e d  NAS f i l e .  The 12 NAS a cc iden t  s u b - t o t a l s  
a r e  a l s o  p resen ted  below. , Again, t h e  12 weighted d i s t r i -  
bu t ions  were added t o  produce Table 8.  
Tab les  9 ( road a l ignment)  and 10 ( road g r a d i e n t )  were each 
based on 12 independent runs  of a c c i d e n t s  from t h e  Texas f i l e .  The 
same 12 weight ing f a c t o r s  were used a s  f o r  Table 8 ,  and t h e  s e t s  of 
weighted d i s t r i b u t i o n s  were added t o  produce Tables  9 and 10.  
1. 
Frequency of Acc iden t s ,  by Accident  S e v e r i t y  
F a t a l  Acc iden t s  
Number P e r c e n t  
4 5 , 9 1 4  .8 
I n j u r y  Acc iden t s  1 ,748,952 29.0 
Property-Damage Acc iden t s  4 , 2 4 1 , 5 8 0  70.3 
T o t a l  6 ,036,446 100.1% 


4 .  
F r e q u e n c i e s  o f  F a t a l  A c c i d e n t s ,  I n j u r y  A c c i d e n t s  a n d  
P r o p e r t y  Damage A c c i d e n t s ,  by  A c c i d e n t  C o n f i g u r a t i o n  
F a t a l  I n  j u r y  P r o p e r t y - D a m a g e  
A c c i d e n t s  A c c i d e n t s  A c c i d e n t s  
Number P e r c e n t  Number P e r c e n t  Number P e r c e n t  
C o l l i s i o n  w i t h  P e d e s t r i a n  
C o l l i s i o n  w i t h  Non-Motor 
V e h i c l e  
4 C o l l i s i o n  w i t h  F i x e d  O b j e c t  
00 
C o l l i s i o n  w i t h  O t h e r  O b j e c t  
Run-Of f-Road A c c i d e n t  
O v e r t u r n  A c c i d e n t  
C o l l i s i o n  w i t h  O t h e r  Motor 
V e h i c l e  













To ta l  
6. 
Frequencies of Vehicle Involvements i n  F a t a l  Accidents  
In ju ry  Accidents  and Property-Damage Accidents  
by Vehicle Speed 
F a t a l  I n j u r y  Property-Damage 
Accidents  Accidents  Accidents  
Number Percen t  Number Pe rcen t  Number Percen t  
1 ,035  1 .6  295,576 9 .9  949,362 12 .8  
4,529 6 .8  452,518 15 .1  1 ,937 ,461  26.0 
6 ,077 9.2 461,319 15.4 1,299,887 17.5  
4 ,865 7 . 1  690,635 23 .1  1 ,543 ,045  20.7 
6 ,957 10 .5  377,213 12.6 663,817 8 .9  
13,342 20,1  283,445 9 . 5  488,507 6.6 
12,458 18 .8  249,007 8 .3  353,765 4 .8  
9 ,199 13.9  141,064 4 .7  177,928 2.4 
8 ,014 12 .1  44,411 1 . 5  28,901 0.4 
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S t r a i g h t  
C u r v e  
T o t a l  
9 .  
F r e q u e n c i e s  of F a t a l  A c c i d e n t s ,  I n j u r y  A c c i d e n t s  a n d  
P r o p e r t y - D a m a g e  A c c i d e n t s ,  by  Road A l i g n m e n t  
F a t a l  I n j u r y  P r o p e r t y - D a m a g e  
A c c i d e  1-1 t s A c c i d e n t s  A c c i d e n t s  
Number P e r c e n t  Number P e r c e n t  Number P e r c e n t  
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Frequency of A c c i d e n t s ,  by A c c i d e n t  L o c a t i o n  
v s .  A c c i d e n t  S e v e r i t y  
F a t a l  I n j u r y  
A c c i d e n t s  A c c i d e n t s  
Number Number 
Property-Damage 
A c c i d e n t s  
Number 
T o t a l  
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S t r a i g h t  
Curve 
18.  
Frequency of A c c i d e n t s ,  by Road Al ignment  v s .  A c c i d e n t  S e v e r i t y  
F a t a l  I n j u r y  
A c c i d e n t s  A c c i d e n t s  
Number Number 
Property-Damage 
A c c i d e n t s  
Number 
T o t a l  
Number P e r c e n t  

TABULATIONS OF FATALITY AND INJURY FREQUENCIES 
This s ec t i on  presen ts  Tables 20-50 a s  the r e s u l t s  of Task 2 .  
Each t a b l e  includes  es t imates  of both ac tua l  f requencies  and r e l a t i v e  
f requencies  (percentages)  of repor ted t r a f f i c  accident  c a s u a l t i e s  
i n  the  United S t a t e s  i n  1971 i n  var ious  c l a s se s  defined by the  same 
10 va r i ab l e s  a s  i n  the  previous s ec t i on .  Addi t ional ly ,  the  i n j u r y  
f requencies  a r e  f u r t h e r  divided by i n j u r y  s e v e r i t y .  
Table 20 presen ts  f requencies  of c a s u a l t i e s  i n  two c l a s se s ,  
f a t a l i t i e s  and persons in ju red .  Tables 21-29 present  f requencies  
of f a t a l i t i e s  i n  various c l a s s e s ,  and Tables 30-50 present  frequencies 
of persons i n ju red  i n  var ious  c l a s s e s .  
Tables 20-24 were produced d i r e c t l y  by computer r u n s  on the  
ex t rapo la ted  NAS data  f i l e .  A l l  of the  remaining t a b l e s  were pro- 
duced i n d i r e c t l y  from the  NAS data  by f i r s t  making aux i l i a ry  com- 
pu te r  runs on s p e c i a l  HSRI f i l e s ,  and then weighting :he r e s u l t s  by 
f requencies  of NAS f a t a l i t i e s  o r  i n j u r i e S  i n  appropr ia te  groups. 
The Washtenaw, Oakland and Texas f i l e s  mentioned i n  t he  previous 
s ec t i on  were again used. 
The procedure f o r  Tables 25-29 were s imi l a r  t o  those described 
i n  t he  previous s ec t i on  f o r  Tables 6-10. Each (except 26) was based 
on four  independent computer r u n s  corresponding t o  groups of f a t a l i t i e s  
defined by the  combinations of accident  type ( s ing l e  veh ic le ,  m u l t i -  
vehic1e)and accident  loca t ion  ( ru ra1 ,urban) .  Table 26 was based on 
r u n s  of f a t a l i t i e s  i n  ca r s  and i n  t rucks ,  by make and model, where 
make and model da ta  was then transformed t o  vehic le  weight.  Again, 
the Texas f i l e  was used f o r  speed, alignment and grad ien t  d i s t r i -  
but ions ,  the  Washtenaw f i l e  f o r  veh ic le  weight,  and t?e Oakland f i l e  
f o r  road type. A l l  of the  aux i l i a ry  d i s t r i b u t i o n s  a r e  presented 
be low , along w i t h  the  NAS counts of f a t a l i t i e s  ( i . e , ,  weighting 
f a c t o r s )  i n  the  four groups. In Table 25 i t  i s  noted t h a t  the re  a r e  
no f a t a l i t i e s  i n  veh ic les  a t  ze ro  speed, even though Table 6  showed 
some f a t a l  a cc iden t s  involving veh i c l e s  a t  z e ro  speed. The explan- 
a t i o n  i s  t h a t  the  f a t a l i t i e s  occurred i n  a  second veh ic l e  which was 
moving p r i o r  t o  the  acc iden t .  W i t h  a  higher sample s i z e ,  t h e r e  
probably would be a  smal l  percentage of f a t a l i t i e s  involved a t  
z e ro  speed. 
Table 30 was based on four  r u n s  of in ju ry-sever i ty  f requenc ies  
i n  the  Texas f i l e .  The four d i s t r i b u t i o n s  (acc iden t  type vs .  l o c a t i o n  
groups) were weighted by corresponding NAS counts of persons i : ~ j u r e d  
and added. 
Table 3 1  was based on one r u n  of i n ju ry - seve r i t y  f requenc ies  
versus  acc iden t  s e v e r i t y  i n  the  Texas f i l e .  The t h r e e  acc iden t -  
s e v e r i t y  d i s t r i b u t i o n s  f o r  A ,  B ,  and C i n j u r i e s  were used t o  propor t ion 
t he  r e spec t ive  A ,  B ,  and C i n j u r y  t o t a l s  of Table 30. 
Tables 32 and 33 were based on the  da ta  descr ibed above f o r  
Table 30 ,  For Table 32,  t he  four  weighted d i s t r i b u t i o n s  were added 
sepa ra t e ly  i n  two groups,  s i n g l e  veh i c l e  and mul t i -veh ic le .  For 
Table 33,  the  four  weighted d i s t r i b u t i o n s  were added sepa ra t e ly  i n  
two d i f f e r e n t  groups,  r u r a l  and urban. 
Table 34 was based on seven r u n s  of i n ju ry - seve r i t y  f requenc ies  
i n  t he  Texas f i l e .  The seven d i s t r i b u t i o n s  ( t h e  seven accident-con- 
f i g u r a t i o n  groups) were weighted by corresponding NAS counts of 
persons in, jured,  
Table 35 was based on t h r e e  r u n s  of i n ju ry - seve r i t y  f requenc ies  
i n  t h e  Texas f i l e .  The t h r e e  d i s t r i b u t i o n s  ( t h e  t h r e e  mul t i -veh ic le  
angle-of-impact groups) were weighted by corresponding NAS counes 
of persons i n ju red .  
Table 36 was based on four r u n s  (accident  type vs .  l o c a t i o n  
groups) of i n ju ry - seve r i t y  f requenc ies  i n  t he  Texas f i l e ,  Each 
r u n  was a  b i v a r i a t e  of persons i n ju red  i n  a  veh i c l e  by i n j u r y  s e v e r i t y  
vs .  veh ic le  speed.  The four  d i s t r i b u t i o n s  were weighted by cor res -  
ponding N A S  counts of persons i n ju red  i n  a  veh i c l e .  
Table 37 was based on three  runs of persons in jured  i n  ca r s  
( A ,  B ,  and C i n j u r i e s )  by vehicle  weight,  and th ree  r u n s  of persons 
in jured  i n  t rucks  ( A ,  B ,  and C i n j u r i e s )  by vehicle  make and model 
i n  t he  Washtenaw f i l e .  Vehicle make and model da ta  was subsequently 
converted t o  vehicle-weight da ta .  The s i x  d i s t r i b u t i o n s  by vehicle  
weight a r e  presented below, along w i t h  vehicle-type d i s t r i -  
butions f o r  A ,  B,  and C i n j u r i e s  i n  the Texas f i l e .  The l a t t e r  
were used t o  proportion the A ,  B and C t o t a l s  of Table 36 by vehicle 
type. The r e s u l t i n g  car  s u b t o t a l s  and t ruck  s u b t o t a l s  were fu r the r  
proportioned by the vehicle-weight d i s t r i b u t i o n s .  Motorcycle weights 
were assumed t o  be a l l  i n  the lowest weight ca tegory-(under  1500 l b s . ) ,  
and o ther  vehicle  types were neglected.  The r e s u l t s  of Table 37 a re  
the sums  f o r  c a r s ,  t rucks  and motorcycles. 
Tables 3 8 ,  39 and 40 were each produced from s i n g l e  r u n s  of 
persons in jured  by i n j u r y  s eve r i ty  v s ,  road type,  road alignment 
and road g rad ien t ,  respect ive ly .  The Oakland f i l e  was used f o r  the 
road-type r u n s  and the Texas f i l e  f o r  road alignment and g rad ien t ,  
I n  each case the  d i s t r i b u t i o n s  of road c h a r a c t e r i s t i c  for A ,  R and 
C i n j u r i e s  were used t o  proportion the respect ive  A ,  B and C i n j u r y  
t o t a l s  of Table 30. 
20.  
Frequency of F a t a l i t i e s  and Pe r sons  I n j u r e d  
F a t a l i t i e s  
Pe r sons  I n j u r e d  
T o t a l  
Number P e r c e n t  
53,703 1 . 9  
2 , 7 9 4 , 5 2 1  9 8 . 1  
2 ,848 ,224  100.0 
21.  
Frequency of  F a t a l i t i e s ,  by Accident  Type 
Number P e r c e n t  
S i n g l e  Veh ic l e  A c c i d e n t s  29 ,202 54.4 
M u l t  i - V e h i c l e  A c c i d e n t s  2 4 , 5 0 1  45.6  
T o t a l  53 ,703 100 .0  
2 2 .  
Frequency of  F a t a l i t i e s ,  by Acc iden t  L o c a t i o n  
Number P e r c e n t  
R u r a l  A c c i d e n t s  3 4 , 2 8 4  6 3 . 8  
Uimban * c c i d e n t s  1 9 , 4 1 9  3 6 . 2  
T o t a l  53 ,703  100 .0  
23. 
Frequency of  F a t a l i t i e s ,  by Accident Conf igura t ion  
Number 
C o l l i s i o n  w i t h  Pedes t r i an  8 ,560  
C o l l i s i o n  w i t h  Non-Motor Vehicle 2 , 3 3 3  
C o l l i s i o n  w i t h  Fixed Object 5,368 
C o l l i s i o n  w i t h  Other Object 2 ,345  
Run-Of f-Road Accident 12,747 
Overturn Accident 1,074 
C o l l i s i o n  w i t h  Other Motor Vehicle 21,276 
T o t a l  53,703 
Percent  
2 4 .  
Frequency of F a t a l i t i e s  i n  M u l t i - V e h i c l e  A c c i d e n t s ,  
by Angle of Impact 
Number P e r c e n t  
Head-on C o l l i s i o n  
S i d e  C o l l i s i o n s  
Rear-end C o l l i s i o n s  










T o t a l  
25 .  
Frequency of F a t a l i t i e s  i n  Veh ic les ,  
by Vehicle Speed 















T o t a l  
26.  
Frequency of F a t a l i t i e s  i n  Vehicles, 
by Vehicle Weight 
Number Percent 
27. 
Frequency of  F a t a l i t i e s ,  by Road Type 
Number P e r c e n t  
Rura l  Freeway 
Rura l  Highway 
Rura l  Road 
Urban Freeway 
C i t y  S t r e e t  
T o t a l  
28. 
F r e q u e n c y  of F a t a l i t i e s ,  by Road Al ignment  
Number P e r c e n t  
S t r a i g h t  
Curve  
T o t a l  
Leve 1 
Slope 
T o t a l  
29, 
Frequency of F a t a l i t i e s ,  by Road G r a d i e n t  
Number P e r c e n t  
A I n j u r y  
B I n j u r y  
C I n j u r y  
T o t a l  
Frequency of Pe r sons  I n j u r e d ,  
by I n j u r y  S e v e r i t y  
Number Pe rcen t  
823 ,365  3 0 . 5  
1 ,016 ,464  3 7 . 6  
860,229 31 .9  
2 ,700 ,058  100.0 
31. 
F r e q u e n c i e s  of P e r s o n s  I n j u r e d  a t  E a c h  I n j u r y  S e v e r i t y  L e v e l  
by A c c i d e n t  S e v e r i t y  
A I n j u r y  B I n j u r y  C I n j u r y  
Number P e r c e n t  Number P e r c e n t  Number P e r c e n t  
Fatal A c c i d e n t s  






S i d e  




F r e q u e n c i e s  o f  P e r s o n s  I n j u r e d  a t  Each I n j u r y  S e v e r i t y  L e v e l ,  
by A n g l e  of I m p a c t  i n  M u l t i - V e h i c l e  A c c i d e n t s  
A I n j u r y  B I n j u r y  
Number P e r c e n t  Number P e r c e n t  
C I n j u r y  
Number P e r c e n t  
o v e r  7 0  
Total 
F r e q u e n c i e s  of P e r s o n s  I n j u r e d  i n  V e h i c l e s  a t  E a c h  
I n j u r y  S e v e r i t y  L e v e l ,  b y  V e h i c l e  S p e e d  
A I n j u r y  
Number P e r c e n t  
B I n j u r y  
Number P e r c e n t  
C I n j u r y  
Number P e r c e n t  
LBS . 
T o t a l  
37. 
F r e q u e n c i e s  of P e r s o n s  I n j u r e d  i n  V e h i c l e s  a t  Each 
I n j u r y  S e v e r i t y  L e v e l ,  by V e h i c l e  Weight  
A I n j u r y  B I n j u r y  
Number P e r c e n t  Number P e r c e n t  
C I n j u r y  
Number P e r c e n t  
38 .  
F r e q u e n c i e s  of Persons I n j u r e d  a t  E a c h  I n j u r y - S e v e r i t y  L e v e l  
by  Road T y p e  
R u r a l  F reeway  
R u r a l  Highway 
R u r a l  Road 
r Urban  F r e e w a y  
P 
C i t y  S t r e e t  
T o t a l  
A I n j u r y  B I n j u r y  
Number P e r c e n t  Number P e r c e n t  
C I n j u r y  
Number P e r c e n t  
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Frequency of Pe r sons  I n j u r e d ,  by Accident C o n f i g u r a t i o n  
v s .  I n j u r y  S e v e r i t y  
A I n j u r y  B I n j u r y  
Number P e r c e n t  Number Pe rcen t  
P e d e s t r i a n  54,240 2 .0  56 ,841 2 . 1  
Non-Motor Vehic le  27,090 1 . 0  38 ,942 1 . 4  
Fixed Object 79 ,175 2 . 9  71 ,054 2 . 6  
I-' 
Other Object 62,259 2 . 3  62 ,259 2 - 3  
to 
w Run-Of f -Road 124,493 4.6 142,444 5 . 3  
Overturn 12,647 0 . 5  21 ,889 0 . 8  
Other 
Motor Vehicle  458,697 17 .0  597,897 22 .1  
C I n j u r y  T o t a l  
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A u x i l i a r y  Data f o r  T a b l e  7  
V e h i c l e  Involvement  D i s t r i b u t i o n s  by Weight i n  Washtenaw F i l e  
Lbs.  -
F a t a l  
Car Truck  
I n j u r y  
Car Truck 
V e h i c l e  Type Invo lvemen t s  i n  NAS 
Car  Truck Bus Motorcyc le  
F a t a l  51 ,478  1 2 , 1 0 6  - 3 3 5  2 , 3 7 8  
P r o p e r t y  Damage 
Car Truck  
I n j u r y  2 , 5 9 7 , 1 8 8  293 ,789  1 5 , 6 3 8  8 8 , 5 7 4  
P rop .  D a m .  6 , 5 1 3 , 8 5 9  8 7 2 , 5 7 4  34 ,682  2 1 , 5 6 0  
Auxi l ia ry  Data f o r  Table 8  
Accident D i s t r i b u t i o n s  by Road Type i n  t h e  Oakland F i l e  
Rural Rural Rural  Urban C i t y  
r'reeway Highway Road Freeway S t r e e t  
F a t a l ,  S ing l e  Vehicle ,  Rural 5 5 42 
F a t a l ,  S ing l e  Vehicle ,  Urban 8  24 
F a t a l ,  Mult i-Vehicle,  Rural  5 16 24 
F a t a l ,  Mult i-Vehicle,  Urban 3  22 
I n j u r y ,  S ing l e  Vehicle ,  Rural 156 174 1012 
I n j u r y ,  S ing le  Vehicle ,  Urban 168 1420 
I n j u r y ,  Mult i-Vehicle,  Rural 149 969 1601 
I n j u r y ,  Mult i-Vehicle,  Urban 3  17 5292 
Prop.Dam.Single Vehicle ,  Rural  218 2  63 122 5 
Prop,Dam.Single Vehicle ,  Urban 187 2206 
Prop.Dam.hlulti-Vehicle, Rural 213 1466 2698 
Prop,Dam.Multi-Vehicle, Urban 1. 497 92 52 
Corresponding Accident Counts i n  NAS 
Sing le  Vehicle ,  Rural 
S i n g l e  Vehic le ,  Urban 
Mult i - V e h i c l e ,  Rural  
Mult i-Vehicle,  Urban 
F t t a l  Acc. In jury  Acc. PropODam. Acc 
16,464 256,653 389,756 
10,261 3  16,862 369,673 
12,036 294,651 678,385 
7,153 880,786 2 ,803,766 
Auxil iary Data f o r  Tables 9 and 10 
Accident D i s t r i b u t i o n s  by Road Alignment and Gradient i n  t he  Texas F i l e  
Alignment 
S t r a i g h t  Curve 
F a t a l ,  Single  Vehicle,  Rural 38 6  
F a t a l ,  Single  Vehicle,  Urban 28 6  
F a t a l ,  Multi-Vehicle, Rural 26 11 
F a t a l ,  Multi-Vehicle, Urban 29 1 
In ju ry ,  Single  Vehicle,  Rural 315 13 0 
In ju ry ,  Single  Vehicle,  Urban 868 150 
In ju ry ,  M u l t  i -Vehicle,  Rural 243 28 
In ju ry ,  Multi-Vehicle, Urban 1 ,944 84 
Prop. Dam., Single  Vehicle,  Rural 790 239 
Prop. Dam., Single  Vehicle,  Urban 2,730 3  59 
Prop,  Dam., Multi-Vehicle, Rural 689 101 
Prop, Dam., Muizi-Vehicle, Urban 10,101 515 
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Auxi l i a ry  Data f o r  Table 26 
Fa ta l i ty - in -Vehic le  D i s t r i b u t i o n s  by Weight i n  Washtenaw F i l e  
Lbs, Cars Lbs. Trucks 
up t o  1500 0  3500-4500 6 
2500 15 5500-6500 1 
3500 32 6500-7500 3  
4 500 33 14500-16500 1 
5500 3 16500-18500 7  





38 ,461  
6,439 
137 (assumed d i s t r i b u t e d  a s  i n  Table 7 )  
2,089 (assumed a l l  under 1500 l b s . )  
Auxi l i a ry  Data f o r  Table 27 
F a t a l i t y  D i s t r i b u t i o n s  by Road Type i n  Oakland F i l e  
Rural  Rural  Rural  Urban Ci ty  
Freeway Highway Road Freeway S t r e e t  
S ing l e  Vehic le ,  Rural  6  7 55 
S ing le  Vehic le ,  Urban 9  36 
Mult i-Vehicle,  Rural  7  2  1 2 1 
Mult i-Vehicle,  Urban 1 3  5  
Corresponding F a t a l i t y  Counts i n  N A S  
S ing l e  Vehic le ,  Rural  
S ing le  Vehic le ,  Urban 
Mult i-Vehicle,  Rdral 
Mult i-Vehicle,  Urban 
Auxil iary  Data f o r  Tables 28 and 29 
F a t a l i t y  D i s t r i b u t i o n s  by Road Alignment and Gradient i n  the  Texas F i l e  
A 1  ignment Gradient 
S t r a i g h t  Curve Level Slope 
S ing le  Vehicle,  Rural 
S ing le  Vehicle,  Urban 
Mult i -Vehicle ,  Rural 
Multi-Vehicle, Urban 
Corresponding F a t a l i t y  Counts i n  NAS 
(same a s  f o r  Table 27) 
Auxi l iary  Data f o r  Table 30 
Persolis In jured D i s t r i b u t i o n s  by In ju ry  Sever i ty  i n  t h e  Texas F i l e  
A In ju ry  B In jury  C In jury  
Single  Vehicle, Rural 
Single  Veh i c l e ,  Urban 
Multi-Vehicle, Rural 
hiu i t  i -Vehicle,  Urban 
Corresponding In jury  Counts i n  HAS 
Single  Vehicle,  Rural 361,104 
Single  Vehicle,  Urban 385,198 
Multi-Vehicle, Rural 545,987 
M u l t  i -Vehic le ,  Urban 1,407,769 
Auxil iary Data f o r  Table 31 
Persons-Injured D i s t r i bu t ions  (per Accident Sever i ty )  by Injury 
Sever i ty  i n  Texas F i l e  
Fa t a l  Accidents 
In jury  Accidents 
A Injury  B In jury  C In jury  
Auxil iary Data f o r  Tables 32 and 33 
(same a s  f o r  Table 30) 
Auxil iary Data f o r  Table 34  
Persons Injured D i s t r i bu t ions  (per Accident Configurat ion)  by Injury  
Sever i ty  i n  Texas F i l e  
A Injury  B In jury  C In jury  




Of f -The -Road 
0yertul.n 
Orher-Motor Vehicle 
Corresponding Injury  Counts i n  NAS 






Other Rlotor Vehicle 
A u x i l i a r y  D a t a  f o r  T a b l e  3 5  
P e r s o n s - I n j u r e d  D i s t r i b u t i o n s  ( p e r  A n g l e  o f  I m p a c t )  by I n j u r y  
S e v e r i t y  i n  T e x a s  F i l e  
A I n j u r y  B I n j u r y  C I n j u r y  
Head-on  
S i d e  
R e a r - e n d  
C o r r e s p o n d i n g  I n j u r y  C o u n t s  i n  HAS 
Head-on 
S i d e  
Rear -End 
A u x i l i a r y  D a t a  f o r  T a b l e  3 7  
P e r s o n s - I n j u r e d  i n  V e h i c l e  D i s t r i b u t i o n s  by I n j u r y  S e v e r i t y  v s ,  
V e h i c l e  W e i g h t  i n  K a s h t e n a w  F i l e  
L b s ,  
A B C 
Car T r u c k  C a r  T r u c k  Car T r u c k  
V e h i c l e  Type  D i s t r i b u t i o n s  by I n j u r y  S e v e r i t y  i n  T e x a s  F i l e  
A B C 
C a r  1 2 4 4  1 4 7 8  1 4 5 6  
T r u c k  1 7  1 2 4 7  178 
Y o t o r c y c l e  99 113 3 5 
O t h e r  4 6 1 6  

A u x i l i a r y  D a t a  f o r  T a b l e  38 
P e r s o n s - I n j u r e d  D i s t r i b u t i o n s  by I n j u r y  S e v e r i t y  v s .  Road Type  
i n  O a k l a n d  F i l e  
R u r a l  R u r a l  R u r a l  Urbal9 C i t y  
F r e e w a y  Highway Road F reeway  S t r e e t  
A I n j u r i e s  
B I n j u r i e s  
C I n j u r i e s  
A u x i l i a r y  Data f o r  T a b l e s  39 a n d  4 0  
P e r s o n s - I n j u r e d  D i s t r i b u t i o n s  by I n j u r y  S e v e r i t y  v s .  Road A l i g n m e n t  
a n d  G r a d i e n t  i n  T e x a s  F i l e  
A l i g n m e n t  G r a d i e n t  
S t r a i g h t  C u r v e  L e v e l  S l o p e  
A I n j u r i e s  
B I n j u r i e s  
C I n j u i r e s  
1 4 7 2  2  1 9  13 9 3  2 9 9  
1 6 7 7  2 4 7  1627  2 9 8  
1 6 9 2  ill 1 5 7 7  2 2 5  
APPENDIX D 
ABBREVIATED INJURY SCALE 
In ju ry  
Category 
No In ju ry  None 
MINOR General 
Descr ip t ion  
Aches a l l  over 
Minor l a c e r a t  i ons ,  con tus ions ,  and 
ab ra s ions .  
A l l  lo or  smal l  2' o r  3' burns ,  
Head and Neck --
Cerebra l  i n j u r y  w i t h  headache; d i z z i -  
ne s s ;  no l o s s  of consciousness .  
"Whiplash" complaint w i t h  no anatom- 
i c a l  or  r a d i o l o g i c a l  evidence.  
Abrasions and con tus ions  of ocu l a r  
appara tus  ( l i d s ,  con junc t iva ,  cornea ,  
uveal  i n j u r i e s )  ; v i t r e o u s  or  r e t i n a l  
hemorrhage . 
F r a c t u r e  of t h e  nose. 
Chest 




Muscle ache or  c h e s t  wa l l  s t i f f n e s s .  
Abdomina 1 
Muscle ache;  s e a t  b e l t  ab r a s ion ;  e t c .  
Ex t r emi t i e s  
Minor s p r a i n s  and f r a c t u r e s  and/or d i s -  
l o c a t  ion of d i g i t s .  
MODERATE General 
Extens ive  con tu s ions ;  ab r a s ions ;  l a r g e  
l a c e r a t  i ons ;  avu l s i ons  ( l e s s  than 3" 
wide) . 
10-20% body s u r f a c e  2' or  3' burns.  
Head and Neck 
Cerebra l  i n j u r y  w i t h  o r  wi thout  s k u l l  
f r a c t u r e ,  l e s s  than 15  minutes uncon- 
sc iousness ,  no post- traumat i c  amnesia. 
I n j u r y  
Category Descr ip t ion  
S e v e r i t y  
Code 
Undisplaced s k u l l  or  f a c i a l  bone 
f rar: t u r e s .  
Compound f r a c t u r e  of the  nose. 
Lacera t ions  o r  t h e  eye and appendages; 
r e t i n a l  detachment. 
D i s f  ig:!r ing  l a c e r a t  ions .  
"Whiplash"-severe complaints  w i t h  ana- 
tomical  or  r a d i o l o g i c a l  evidence 
Chest 
Simple r i b  or  s t e r n a l  f r a c t u r e s .  
Major con tus ions  of c h e s t  wal l  wi thout  
hem0 o r  pneumothorax, o r  r e s p i r a t o r y  
embarrassment. 
Abdominal 
Major con tus ion  of abdominal wa l l .  
Ex t r emi t i e s  
Compound f r a c t u r e s  of d i g i t s ,  
Undisplaced long bone or  p e l v i c  f r a c t u r e s ,  
Major s p r a i n s  of major j o i n t s ,  
SEVERE Genera P 3 -- 
(not  l i f e -  Extensive  con tus ions ;  a b r a s i o n s ;  l a r g e  
threatening) l a c e r a t  ions  exceeding involvement of 
two extrerni t  i e s ,  o r  l a r g e  avu l s  ions 
( g r e a t e r  than 3'' wide) . 
0 20-302 body s u r f a c e  2 o r  3' burns.  
Head and Neck 
Ce reb ra l  i n j u r y  w i t h  o r  wi thout  s k u l l  
f r a c t u r e ,  w i t h  unconsciousness more 
than 15 minutes ;  without s eve re  neurol-  
o g i c a l  s i g n s ;  b r i e f  post- traumat i c  
amnesia ( l e s s  than 3 hours ) ,  
Displaced c lo sed  s k u l l  f r a c t u r e s  without 
unconsciousness or  o the r  s i g n s  of in$ra-  
c r a n i a l  i n j u r y .  
I n j u r y  
Ca tegory  Descr i p t  ion  
Severity 
Code 
Loss  of e y e ,  o r  a v u l s i o n  of o p t i c  n e r v e .  
D i s p l a c e d  f a c i a l  bone f r a c t u r e s ,  o r  
t h o s e  w i t h  a n t r a l  o r  o r b i t a l  invo lve -  
ment.  
C e r v i c a l  s p i n e  f r a c t u r e s  w i t h o u t  c o r d  
damage. 
C h e s t  -
M u l t i p l e  r i b  f r a c t u r e s  w i t h o u t  r e s p i r a t o r y  
embarrassment .  
Hemo o r  pneumothorax. 
Rup tu re  of d iaphragm,  
Lung c o n t u s i o n .  
T h o r a c i c  s p i n e  f r a c t u r e  w i t h o u t  neuro- 
involvement .  
Abdominal 
Con tus ion  of abdominal  o r g a n s ,  
E x t r a p e r i t o n e a l  b l a d d e r  r u p t u r e .  
R e t r o p e r i t o n e a l  hemorrhage. 
Avuls i o n  of u r e t e r  . 
L a c e r a t i o n  of  u r e t h r a .  
Lumbar s p i n e  f r a c t u r e s  w i t h o u t  neuro- 
l o g i c a l  involvement .  
E x t r e m i t i e s  
D i s p l a c e d  s i m p l e  long-bone f r a c t u r e s ,  
and/or  m u l t i p l e  hand and f o o t  f r a c t u r e s .  
S i n g l e  open long-bone f r a c t u r e s .  
P e l v i c  f r a c t u r e  w i t h  d i s p l a c e m e n t .  
3 i s l o c a t i o n  of  major  j o i n t s .  
M u l t i p l e  a m p u t a t i o n s  o f  d i g i t s .  
L a c e r a t i o n s  of t h e  major n e r v e s  o r  
v e s s e l s  of e x t r e m i t i e s .  
I n j u r y  
C a t e g o r y  D e s c r i p t i o n  
S e v e r  i t  y 
Code 
Genera  1 
SEVERE S e v e r e  l a c e r a t i o n s  and /o r  a v u l s i o n s  4 
( l i f e -  w i t h  d a n g e r o u s  hemor rhage .  
t h r e a t e n i n g ,  
s u r v i v a l  30-502 body s u r f a c e  2' o r  3' b u r n s .  
p r o b a b l e )  
Head a n d  Neck 
- - - -- - - - 
C e r e b r a l  i n j u r y  w i t h  o r  w i t h o u t  s k u l l  
f r a c t u r e ,  w i t h  u n c o n s c i o u s n e s s  of  more 
t h a n  1 5  m i n u t e s ,  w i t h  d e f i n i t e  adnormal  
l l e u r o l o g i c a l  s i g n s ;  pos t - t r auma  t i c  am- 
n e s i a  3-12 b o u r s .  
Compound s k u l l  f r a c t u r e .  
C h e s t  -
Open ches t  wounds ; f l a  i 1 c h e s t ,  pneums- 
m e d i a s t i n u m ;  m y o c a r d i a l  c o n t u s i o n  w i t h -  
o u t  c i r c u l a t o r y  e m b a r r a s s m e n t ;  p e r  i- 
c a r d i a l  i n j u r i e s .  
T h o r a c i c  s p i n e  f r a c t u r e  w i t h  p a r a p l e g i a  
Abdominal  
Minor l a c e r a t i o n  o f  i n t r a - a b d o m i n a l  
e o n t e n t s  ( t o  i n c l u d e  r u p t u r e d  s p l e e n ,  
k i d n e y ,  and  i n < j u r i e s  t o  t a i l  of  p a n c r e a s ) ,  
I n t r a p e r i t o n e a l  b l a d d e r  r u p t u r e .  
A v u l s i o n  of  t h e  g e n i t a l s ,  
Lumbar s p i n e  f r a c t u r e s  with p a r a p l e g i a .  
E x t r e m i t i e s  
M u l t i p l e  c l o s e d  long-bone f r a c t u r e s .  
Amputa t i o n  o f  1 imbs . 
Injury  
Categor g 
CRITICAL Genera 1 
Description 
Over 50% body surface  2' or 3' burns. uncertain)  
Head and Neck 
Sever i ty  
Code 
Cerebral in jury  w i t h  or without s k u l l  
f r a c t u r e  w i t h  unconsciousness of more 
than 24 hours; post-traumatic amnesia 
more than 12 hours; i n t r a c r a n i a l  pres- 
sure  (decreasing s t a t e  of consciousness, 
bradycardia under 60,. progressive r i s e  
in  blood pressure or progressive pupil  
inequal i ty)  . 
Cervical  spine  in jury  w i t h  quadriplegia.  
Mafior ai8way obst ruct ion.  
Chest 
Chest i n j u r i e s  w i t h  major r e sp i r a to ry  
embarrassment ( l a ce ra t i on  of t rachea,  
hemomediastinum e t c . )  . 
Aortic l a ce ra t i on .  
Xyocardial rupture  or contusion w i t h  c i r -  
cu la to ry  embarrassment. 
Abdominal 
Rupture, avulsion,  or severe l ace ra t i on  of 
intra-abdominal vesse l s  or organs, except 
kidney, spleen or u r e t e r .  
Extremities 
h;ul t iple open limb f r a c t u r e s .  
FATAL F a t a l  l e s ions  of s i n g l e  region of body, 6 
(within plus i n j u r i e s  of other body regions of 
24 hours) s eve r i t y  Code 3 or l e s s .  



